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ABSTRACT 
The overall objective of this investigation was to evaluate via laboratory 
experiments the technical feasibility of reducing trihalomethane levels in 
drinking water. Special attention was directed at the removal of chloroform 
since: (a) it is the only trihalomethane which has been shown to be carcino-
genic in animal tests; and (b) this compound generally comprises the largest 
fraction of the total trihalomethane content of chlorinated waters in Kentucky. 
Trihalomethanes are present in municipal drinking waters due to the reaction 
of free chlorine with naturally occurring compounds, collectively called 
"precursors", 
A variety of treatment processes and potential modifications (or additions) 
to existing treatment facilities were evaluated for precursor and trihalomethane 
removal. In-plant modifications which could be implemented at existing treatment 
facilities were evaluated initially since they require a minimal amount of cap-
ital expenditure and could be implemented within a short time frame. Unit treat-
ment operations studied for precursor removal included: settling, alum-polymer 
coagulation. precipitive softening, ion-exchange softening. rapid sand filtration, 
adsorption with both powdered and granular activated carbon. and treatment with 
ozone and chlorine dioxide. 
A survey of the trihalomethane levels at fifteen of Kentucky's larger water 
utilities was completed. While not a part of the original scope of this project, 
this infonnation should assist local water utilities and health officials in 
assessing the State's current trihalomethane situation. Additional field studies 
were completed at two of Kentucky's water utilities to provide plant-scale data 
on: (a) the effectiveness of a shallow bed of granular activated carbon in 
removing trihalomethanes; (b) the reduction of trihalomethane levels by moving 
the point of pre-chlorination; and (c) the reduction in the formation of tri-
halomethanes during precipitive softening by converting free chlorine to chlor-
amines prior to the addition of lime and soda ash. 
Results from both field and laboratory studies indicate that water utilities 
can markedly reduce the level of trihalomethanes currently in drinking water. 
Such reductions can be made by a variety of approaches which include alteration 
of disinfection practices, in-plant modifications to enhance precursor removal, 
and addition of new treatnent processes such as carbon adsorption. ozonation 
and so forth. Only granular activated carbon adsorption appeared capable of 
completely removing precursor compounds and thereby eliminate the subsequent 
formation of trihalomethanes upon chlorination. 
Descriptors: 
Identifiers: 
Water Treatment*, Water Quality Control*, Activated Carbon 
Water Purification, Clorination 
Trihalomethanes 
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INTRO,DUCTION 
For almost half a century Americans have confidently 
relied upon their domestic water supply, assuming that 
drinking water was free of harmful contaminants. In Novem-
ber, 1974, the U.S. Environmental Protection Agency (EPA) 
announced officially that trace quantities of 66 organic 
chemicals were identified in the New Orleans drinking water 
supply (Anon., 1975). Several of the compounds identified 
were suspected carcinogens. Partially in response to the 
events surrounding New Orleans, the Congress of the United 
States passed legislation, section 1442a-9 of the safe 
drinking water act, that directed EPA to conduct a compre-
hensive study of public water supplies and drinking water 
sources to determine the nature, extent, sources and means 
to control contamination by chemicals or other substances 
suspected of being carcinogenic. In complying with this 
mandate by Congress, EPA and other organizations have ini-
tiated extensive research programs to answer the questions 
raised by Congress concerning sus?ected carcinogens in 
drinking water. 
The occurrence of organics in drinking waters through-
out the United States was intially monitored by EPA's 
National Organics Reconnaissance Study, NORS (Symons, 1975). 
The major findings of NORS were that small quantities of 
organics (precursors) were present in all of the 80 municipal 
water supplies sampled and that trihalomethanes (THM) were 
present in drinking waters as a direct result of chlorinating 
the water supply, as shown in the general reaction~ 
Chlorine+ Precursors+ Chloroform+ Other Trihalomethanes 
The precursors whfch react with chlorine to form chloroform 
and other trihalomethanes have not been identified specifi-
1 
cally but arc believed to be ·humic and fulvic acids, two 
groups of naturally occurring organic compounds resulting 
from the degradation of vegetation. As of July, 1977, a 
total of over GOO specifi~ organic compounds have been 
definitely identified in various drinking water supplies. 
The majority of these organic compounds have not been 
examined for their potential chronic health effects. 
A National Cancer Institute (~CI) report showed that 
chloroform caused cancer in rat~ and mice under laboratory 
test conditions (Anon., 1976a). In response to the NCI 
report, the United States Food and Drug Administration has 
banned the use of chloroform in human drugs, cosmetics, and 
food packaging. Also, the Administrator of EPA on March 29, 
1976, released a public statement requesting that water 
utilities voluntarily take what steps they could to reduce 
the chloroform concentration in their particular drinking 
water. 
Interim primary drinking water regulations for the 
control of organic chemical contaminants in drinking water 
were issued recently by EPA (Federal Register, February 9, 
1978,-p. 5756-5779). Among other regulations, a maximum 
concentration limit for total trihalomethanes was established 
at 100 µg/1 (yearly average). The MCL for total trihalo-
methancs :i.s initially applicable only to community water 
systems scrving a population of greater than 75,000 people 
and which add a disinfectant to the water in any part of 
the trcat:J~ent process. llowevcr, the lnng,1age of EPA' s 
organic regulations indicates clearly that small utilities 
will also havc to meet a MCL standard for trihalomethanes 
in the.near future. 
As might be expected, the results of recent studies 
have raised 11crious questions about the overall quality of 
drinking water and have further illustrated the need for a 
better <lclincalion between substiinces found in drinking 
waters and associated health effects. While the presence 
2 
; 
of trace amounts of organic substances in drinking water 
does not create any acute threat to public health or welfare, 
more research into the puclsible long-term health effects 
are certainly warranted, ·-studies are currently in progress 
in the United States to evaluate the health effects of sub-
stances identified in drinking water; most notable of these 
is the National Academy of Sciences' investigation, which 
should provide data to EPA for setting allowable levels of 
organic contaminants in drinking water (Anon., 1975). 
Numerous research projects have also been initiated to de-
fine the level of trihalomethancs in drinking waters (Rook, 
1974; Bellar ct al., 1974; Anon., 1975; Symons ct al., 1975; 
Morris and Johnson, 1976; Rook, 1976; Lovett and Mc'.iullen, 
1977; Young, 1977; and Zagorski and Wilding, 1977) and to 
evaluate the effectiveness of various treatment processes 
and in-plant modifications for the removal of trihalo-
methanes (Love, 1975; Anon., 1976; Clark et al., 1976; 
Hubbs, 19i6; Symons, 1976; Babcock, 1977; Harms and Loo-
yenga, 1977; O'Connor et al., 1977; Smith et al., 1977; 
Zagorski, 1977; and Zagorski and Wilding, 1977), 
In summary, the occurrence of trihalomethanes in chlo-
rinated drinking waters is widespread throughout the United 
States with at least one of these compounds being a known 
carcinogen. Steps to reduce public exposure to the triha-
lomethancs, especially chloroform, appears prudent and 
warranted ~rovided they do not increase the risk of micro-
bial contamination or other detrimental effects. 
The overall objective of this investigation was to 
evaluate via laboratory experiments the technical feasi-
bility of reducing trihalomethane levels .in drinking water. 
Special attention was directed at the removal of chloroform 
since: (a) it is the only trih~lomethane which has been 
shown to date to be carcinogenic in animal tests; and (bl 
this compound generally comprises the largest fraction of 
the total T!IM content of a chlorinated water. 
3 
A variety of treatment processes and potential modifi-
cationD or additions to existi11g treatment facilities were 
evaluated for precursor and/or 'l'JlM removal.. In-plant modi-
fications which could be implemented at existing treatment 
facilitici1 were evaluated initially since they require a 
minimal amount of capital expenditure and could be imple-
mented i.n a short time frame. Experiments were also con-
ducted to define the TllM and precursor removal efficiency 
of granular activated carbon. '.I'his unit treatment operation 
has not been widely used by water utilities to date. How-
ever, the recent regulations by EPA on organic contaminants 
has placed added pressure on water utilities to install 
granular activated carbon contactors to remove THM and 
synthetic organic chemicals. 
A survey of the THM levels in fifteen of Kentucky's 
larger water utilities was completed. While not a part of 
the original scope of this project, this information should 
assist water utilities and health officials·in assessing 
the state's current THM situation. Additional field studies 
were completed at two of Kentucky's water utilities to pro-
vide ~lant-scale data on: (a) the effectiveness of a shallow 
bed of granular activated carbon in removing THM; (bl the 
·' 
reduction of TIJN levels by moving·the point of pre-chlori-
nation; and (c) the reduction in the forP1ation of THM during 
precipitivc softening by converting free chlorine to chlo-
ramincs prior to the addition of lime and soda ash. 
EXPERIMEN'£l\L EQUIPMENT, METHODS AND PROCEDURES 
ANALYSIS OF TRIHALOMETHANES 
Materials and Experimentill Procedures 
A model 5710A Hewlett Packard gas chromatograph (GC) 
was used for the analysis of trihalomethanes in drinking 
water. This chromatograph was equipped with dual flame 
ionization detectors and temperature programming. Gases 
used with this instrument included air, hydrogen, and 
nitrogen; all of which were purchased in the highest purity 
available from local dealers. Two identical six-foot long, 
1/8 inch diameter, glass columns were used. These columns 
contained 80xl00 mesh Chromosorb 101 resin (Supelco, Inc.). 
The GC unit was operated in a differential mode (A-B mode) 
and chromatograms were recorded via a SRG Sargent pen 
recorder. 
Since_small quantities of trihalomethanes are present 
in water Supplies, a concentration step was used prior to 
GC analysis. Concentration of the trihalomethanes was 
accomplished with a model LSC-1 liquid concentrator which 
was p~rchased from the Tekmar Co., Cincinnati, OH. A 25 ml 
purging cell was built and used instead of the 10 ml unit 
· supplied with the LSC-1 to increase the conc~ntrator's 
sensitivity. After preliminary experimentation with the 
LSC and GC un.i ts, standard condi tio,1s for processing water 
samples for trihalomethane levels were established as 
follows: 
LSC-1 Concentrator 
sample volume= 25 ml 
purge time = 10 min 
purge setting= 40 
desorb time = 12 min 
desorb temp. = 180° C 
desorb flow- = 28 ml/min 
rate 
5 
GC llni.t 
1\ttenuation 
Mode 
Injection port temp. 
Initial column temp. 
Detector t(,mp. 
Temperature program 
Hold times@ 80° c 
lluld times Q 200° C 
= 1 x 1 (typically) 
== 1\-B 
= 203° c 
= 25 C 
== 250° C 
= 80-200° C@ 8° C/rnin 
(typically) 
=~min (for standard only) 
= 0-4 min 
Peaks on chromatograms wer~ identified by their indi-
vidual residence time, as well as by their residence time 
from the chloroform peak. Peak areas were measured manually 
using the triangulation technique. Standards were prepared 
daily and were analyzed in a manner identical to water sam-
ples. Each standard was prepared in an ethanol-water solu-
tion and typically contained chloroform, bromodichloromethane 
and chlorodibromomethane. The concentration of each com-
pound in the standard was varied from season to season to 
closely reflect the content of these compounds in tap water. 
All samples to be analyzed for trihalomethanes were 
collected in 60 or 120 ml scrum bottles and were sealed with 
teflon coated septa. Prior to sealing about 0.1 g of 
sodium thi.osulfatc was added to remove any free residual. 
chlorine. Samples were stored in a refrigerator until pro-
cessing commenced. Most trihalomcthane samples were pro-
cessed wi~hin 7 days after the samples were returned to the 
lab. 
Reproducibility 
The reproducibility of the LSC-GC system 1·1as determined 
on two separate dates. 'rhc results of this evaluation for 
two tap water samples arc shown in Table 1. 'l'he data incli-
cate that reproducible results arc attained with the LSC-GC 
system. I-:r.;pccial.ly noteworthy arc the coefficients of 
variation for chloroform, whicl1 were 5.B and ~.5~ on 8/20/76 
and 12/2/76, respectively. 
G 
Date 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
12/2/76 
12/2/76 
12/2/76 
12/2/76 
12/2/76 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
12/2/76 
12/2/76 
12/2/76 
12/2/76 
12/2/76 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
8/20/76 
12/2/76 
l 2/2/76 
12/2/76 
12/2/76 
12/2/76 
TAllLE 1. 
Expcrimcntol !lilt.a Illustrating the flcproducibility 
of the U of L's GC Analyses of Trihz:lorncthunes 
Replicate Concentration 
No. ( µg/1) 
Chloroform 
1 103 
2 112 
3 119 
4 108 
5 105 
1 24.3 
2 25.7 
3 22.8 
4 25.1 
5 24.6 
Bromodichloro~r.thane 
1 28. 
1 2 24. 3 31. 4 34. 5 24. 
1 12.1 
2 11. 9 
3 12.9 
4 12.4 
5 11. 9 
Th 1 orodi hron~omcthanc 
1 5 
2 <4 
3 ND 
4 <4 
5 ND 
1 ND 
2 ND 
3 ND 
4 ND 
5 ND 
Remarks 
X = 109 µg/1, o = 6.3 µg/1 
and CV= 5.8% 
X = 24. 5 µg/1 , 
o = 1.1 µg/1 and 
CV= 4.5% 
X = 28.2 µg/1, 
o = 4.4 µg/l a:id 
CV = 15.5% 
X = 12. 2 ,,g/1 , 
o = 0.4 µg/1 and 
CV = 3. 7% 
ND - not dutccled 
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NON-VOLATILE TOTAL ORGANIC CARBON ANALYSIS 
General Description 
Non-volatile total organic carbon (NVTOC) analyses 
were made with a Beckman 915 total organic carbon analyzer. 
This instrument provides rapid analysis of a microsample 
of aqueous solution for quantification of either of two 
parameters: (a) inorganic carbon-(i.e. carbonates); and 
(b) total carbon (i.e. organic carbon plus inorganic car-
bon). The difference between the total carbon and inorganic 
carbon analyses yields the total organic carbon content of 
a sample. 
For samples containing a high fraction of inorganic 
carbon, such as a potable water sample, it is customary 
to treat the water sample prior to analysis. This pre-
treatment step is done to remove carbonates·from the water 
sample so that the sensitivity of the analyzer for organic 
carbon testing can be increased. As the water sample is 
purged with air (or nitrogen) to remove the inorganic 
fonns of carbon that are present in a water sample, some 
of the more volatile organic compounds are also scrubbed. 
As s~ch, the carbon analyses performed after stripping are 
termed, "non-volatile". Thus, the terminology "non-volatile 
total organic carbon" or "non-purgeable total organic carbon" 
applies to water samples that are purged prior to injection 
into the Beckman analyzer. 
Materials and Experimental Procedures 
Samples for HVTOC analyses were collected in standard 
300 ml BOD bottles and immediately returned to the labora-
tory where they were acidified with about 1.0 ml of concen-
trated·hydrochloric acid. Samples were then stored in a 
refrigerator until the actual NVTOC analyses were performe~. 
Just prior to analysis, 150 ml of each water sample 
was aerated in a Waring laboratory blender (model 1120) for 
1.5 minutes to remove carbonates. About 10-15 ml of each 
sample were then placed into scaled test tubes. A Hamilton 
8 
syringe was used to accurately measure a 100 µg/1 aliquot, 
which was injected directly in to the Beckman analyzer. 'l'wo 
or three duplicate injections were made for each water 
sample. Reported NV'l'OC data arc, therefore, the average 
of two or··three replicates. 
Reproducibility 
Experiments were completed to define the reproducibility 
of the NVTOC test. The reproducibility of this test was 
determined using tap water sampled at the University of 
Louisville's laboratory. A large volume of water was 
drawn from a faucet and mixed completely. Ten 300 ml samples 
were then withdrawn and analyzed according to the procedures 
described above. The results of the ten replicates are 
given in Table 2. The arithmetic mean was 2.1 mg/1, with an 
observed range of 1.9-2.4 mg/1. The standard deviation and 
coefficient of variation for the 10 replicates were 0.2 
mg/1 and 9%, respectively. Both of these parameters are 
low, which indicates that reproducible NVTOC results can be 
attained with the Beckman TOC analyzer. 
TRIHALOMETIIANE POTENTIAL TES'l' (TH!1PT) 
Materials and Experimental Procedures 
A tent was initiated in the Spring of 1977 to define 
. the potential of. water samples to form trihalomethanes under 
a standard set of experimental conditions. The test is 
termed a "trihalomethane potential test", THMPT, and was 
used extei1sively to monitor the level of precursors in 
natural waters. This test was also used to define the 
capability of various treatment processes for reducing 
precm.·?or levels. The TIIMPT is an indirect measure of the 
concentration of precursors in a water sample and a direct 
measure of the potential of the same water to produce tri-
halomethanes. 
In esi;encc, steps in the TJIMP'l' cons is ts of adjusting 
the pll value of the waler s,,mple to a predetermined value, 
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TABLE 2 
EXPERJMENT/\L D/\T/\ ILLUSTR/\TIIJG TllE REPRODUCillILITY 
. OF THE NVTOC TEST 
Date Replicate NVTOC Remarks 
Humber {mg/1) 
l,'17 /77 .1 2.2 1 
1/17 i77 2 2.0 
1/]7 /77 3 2.0 x= 2.1 mq/1 
1/17 /77 4 2.3 e1 = 0.2 mg/1 
1/17 /77 5 2.1 CV = 9% 
1/17/77 6 2.1 
1/17 /77 7 2.4 
1/17 /77 8 2.4 
1/17 /77 9 1. 9 
1/17 /77 10 1. 9 
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placing the water sample in reaction vessels, adding a 
specific a:nount of free chlorine to each reoctor, incu-
bating the samples for a standard time period, and then 
measuring the concentration of THM at the conclusion of 
the incubation period. Environmental conditions selected 
for the TIIMPT were as follows: 
Temperature 
pH Value 
Initial Chlorine Dose 
Incubation Time 
Dilution of Sample 
Number of TI-IM 
Replicates 
= 30° c (incubator) 
= 10.5 - 11.2 
= 10 mg/1 
= 72 hours 
= None 
= Two 
A more detailed step-by-step description of the TI-IMPT 
follows: 
1. Obtain about one gallon of water a1,d remove 
suitable aliquots for initial turbidity, c~lo-
rine residual, NVTOC, pH value, an6 TI-IM analyses. 
2. Pipette 1 ml of O.lN NaOH into four GO ml serum 
bottles. This should adj·11st the pH value into 
the 10.5 - 11.2 range. 
3. Fill all four 60 ml serum bottles with the water 
to be tested. Seal and crimp each bottle. The 
bottles should be labeled.as follows: 
1 bottle for initial pH value+ c1 2 residual 
1 bottle for terminal .pH value+ c1 2 residual 
2 bottles for final THM analysis 
4. Inject into all four bottles a concentrated 
chlorine solution via a Hamilton syringe to 
obtain an initial free chlorine dose of about 
10 mg/1. 
5. Immediately open the bottle labeled "initial 
pll value and chlorine residual" and perform 
these two tests. 
6. Incubate the remaining three serum bottles in 
the dark at JOO C for a 72 hour period. 
7. At the conclusion of the incubation period take 
the bottle l.abelel1 "final. pll value and c1 2 
1"csidt1al II ar1rl pcrfornt t}1c~;e t\·lC) un11lyscs. l\.lso, 
inject l.O µl of a standarl1 Na,s 2o3 solution into 
the two nerum bottles de,.,ignatc,d Ior 'l'l!M ancilysis. 
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8. Place the two bot:U.es ;11.;z,iU nq GC anal.ysii; into a 
f . . . 1 u re rJ.gt!1-c::1t\')J: 1naJ.r1l:itl.11cc c:1t 5 C. 
9. Perform the GC ,malysis for 'l.'IIM, as described 
previously, and 1:ccord the 1:esul ts in t;he appro-
priate notebook. 
When desired, water samples were centrifuqed at 10,000 
RPM for 12 minutc,s to remove particulate and colloidal 
matter. ·rhis step, if conducted, would occur between steps 
2 and 3 of the overall TllMPT procedure described above. 
Rcproc1ucibility 
The reproducibility of the TJIMP'l' was not determined 
as part of this study. However, replicates performed during 
the standard TBMPT were typically within~ 10% of each other. 
A reasonable estimate for the coefficient of variation would 
be about 10-20 percent. 
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RESULTS AND
1
DISCUSSION 
FACTORS AFFECTING 'l'l!E FORMATION OF TRII-11\LOMET!ll\NES 
Considerable insight into the many factors affecting 
the rate and extent of formation of trihalomethanes was 
gained in this investigation. Some of this information was 
derived indirectly as part of the THM sampling program. 
However, most of the information on the :i:orma tion of •rm1 
was obtained via bench-scale studies. In these latter 
experiments either raw or settled Ohio River water was 
placed into a series of 60 ml (or 120 ml) serum bottles, 
chlorinated, incubated, fixed and analyzed for THM formed. 
Some of the water samples were pretreated so as to modify 
their pH value, suspended solids content, and so forth 
prior to placement into the serum bottles. Parameters 
which were evaluated in this manner for their influence 
on the formation of THM included: contact time, chlorine 
dosage, pH value, temperature, turbidity, and stability of 
precursors. 
Chlorination Practice 
The term "chlorination practices" denotes several 
different, yet influential parameters in the formation of 
"trihalomethanes at water utilities. The first parameter 
is the amount of chlorine dosed, which is usually expressed 
in units of mass per unit time or volume (lbs/MG, mg/1, 
lbs/day, etc.) • 'l'he second parameter is the point of 
chlorination within a particular treatment plant. The 
final parameter is chlorine contact time which, of course, 
is in practical situations related to the point of chlo-
rination. 
All three of the above chlorination practices are 
described in separate sub-sections below. It is recognized 
that in pr<1ctical appliciltions it is not always possible to 
completely sepilrate the interaction of the above three 
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aspects of chlorination . 
. Chlorine Dose - Bench-scale experiments showed that increased 
chlorine dosages resulted in increased formation of chlo-
roform and total 'l'HM. 'rhis trend can be seen in Table 3, 
which lists TIIMPT data for chlorine dosages of 5 and 10 
mg/1, each at six different pH values. Settled Ohio River 
water was used in these tests and was contacted with free 
chlorine for a period of 10 days. In summary, increased 
chloroform and total THM levels are expected if the chlorine 
dose is increased. This trend was demonstrated in this 
investigation and has been duplicated in field and labo.ra-
tory studies elsewhere (Rook, 1975; Kinman, 1975; and 
Hoehn, 1977) . 
It is interesting to note that the concentration of 
CHC1
2
Br did not vary significantly with chlorine dosage 
in this investigation. The precise reason for this· is 
unknown but similar trends have been observed at the Cincin-
nati Water Works (Kinman, 1976). 
Point of Chlorination - There has been a great deal of suc-
cess .to date in reducing THM levels by moving the point of 
pre-chlorination. The observed reduction in THM levels is 
presumedly the cumulative effect of several factors most 
important of which are reduced contact time, reduced chlorine 
demand and reduced precursor concentration. 
Movement of the point of pre-chlorination from the 
head of the pre-sedimentation basin to the start of the 
chemical coagulation process resulted in a 74% reduction in 
chloroform levels in Cincinnati's finished water (Kinman,· 
1976). The Huron Water Treatment plant in South Dakota 
also accomplished a similar reduction by moving the point 
of pre-chlorination further into its treatment scheme 
(Harms, 1977). Tom Love hc1s also reported a noticeable 
decrease .in the 'l'l!MP'l' with movement of chlorination back 
to later stages in EPJ\'s pilot water treatment plant (Love, 
l.976). 
1.4 
TABLE 3 
EFFECT OF CHLORINE DOSAGE-AND pH VALUE ON THE 
FOPJ.\ATION OF CHLOROFOPJ'l AND BROl·lODICHLOROMETHANEa 
Level of Trihalomethanes Formed at 
Selected Chlorine Doses, pg/1 
pH Valueb Cli Dose= 5 m/gl Cl2 Dose= 10 mg/1 
CHCl3 C!!Cl2Br Total CHCl3 CHCl2Br Total 
5.9 46 16 62 62 20 82 
6.9 69 30 99 88 27 115 
7.6 76 30 106 100 26 126 
8.3 98 30 128 118 25 143 
9.9 129 16 145 . 184 26 210 
10.9 105 NA 163 16 179 
NA - Not analyzed. 
a - Settled Ohio River water sampled on 11/10/76. 
b - At termination of THMP'l'. 
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1\n important side-effect associated with moving the 
point of chlorination further back into the treatment scheme 
is that chlorine comes into contact with a higher quality 
water (i.e. lower c1
2 
demand). As such, less chlorine is 
needed to .. rnaintain a specified bacterial quality. It should 
be recognized, however, that any movement in points of 
chlorination must not jeopardize the bacteriological inte-
grity of finished water. 
Contact Time - 1\s described in the preceeding subsection, 
movement of the points of chlorination back further into 
the treatment system may reduce the amount of THM formed. 
This phenomenon is, in part, a result of a shorter contact 
time between the precursor compounds and free chlorine. 
Research completed during the course of this investigation 
has documented that the formation of THM is·not instan-
taneous, but rather, occurs over a period of several days. 
Further, the kinetics of the formation of THM are dependent 
upon various environmental parameters. 
Several researchers have completed laboratory experi-
ments to define the time dependence of the THM formation 
reac~ion. Studies have been compJeted by Rook (1974), 
Riley ·(1975), Symons (1976), Hoehn (1977) and by this 
research project. A predominant conclusion in each of these 
studies is that total THM and chloroform concentrations are 
increased with increased contact time between free chlorine 
and THM precursors. The dependence of THM levels with con-
tact time is illustrated for settled Ohio River water in 
Table 4. As seen, the concentrations of both CHC1 2Br and 
CHC1
3 
were increased with increased contact time. Even 
after a three day contact period the experimental system 
still did not appear to have attained equilibrium. 
Temperature 
In general, all of the investigations completed to 
date agree that increased temperatures promote the forma·· 
tion of CIIC1
3 
;:md total 'J'llM. Bench-scul.e studies were 
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TABLE 4 
INFLUENCE OF CUMULATIVE INCUBATION TIME ON THE 
FORM]\TION OF CHLOROFORM II.ND BROMODICHLOROME'rHANEa 
Cumulative Incubation Timeb, hours 
THMPT, pg/1 
0 
13 
16 
20 
38 
44 
84 
0 
32 
35 
48 
42 
57 
51 
a - Settled Ohio River water sampled on 11/10/76. 
b - After addition of 7 mg/1 of chlorine. 
17 
0 
15 
15 
19 
17 
25 
34 
completed to acc11r,1tcly dcrinc the tcmpcrutnr.c dcpcnclcnce 
of settled Ohio River. wntcr.. In those experiments aliquots 
·of settled water (collectec1 on l/3/77) were incubated at 
thr.ce different temperatures, 7, lC and 30°c, in the pre-
sence of free chlorine for a period of 7 dnys. The amount 
of chloroform produced increased from ubout 30 ,,g/1 at 1°c 
to nearly 70 µg/1 at 30°c. The least-squares line of best 
fit for the relationship between chloroform and water tern-
perature was determined 
C = -11.6 + .907 1 
a c• ~-
(R = 0.990) 
where Tis the water temperature in °F and C is the concen-
tration of chloroform produced, µg/1. 
During the period 1/11/77 - 6/10/77 water temperatures 
and TllM levels of finished water (i.e. samp:[_ed from clear-
well) were monitored occasionally. Results from this study 
also indicate a strong temperature dependence for CHC1 3 
(about 1.3 µg/1 per °F). Only a minor temperature depen-
dence (about 0.2 µg/1 per °F) was evident for CHC1 2Br. The 
least-square equations for these two trihalomethanes were 
defined as: 
c1 = -28.9 + 1.27 T 
C
2 
= -3.6 + 0.216 T 
(R = 0.893) 
{R = 0.668) 
where c
1 
and.c
2 
are the instantaneous concentrations in 
finished water of c11c1
3 
and c11c1 2nr in µg/1, respectively, 
and 1' is the -insL:rntaneous finished wuter temperature in °r. 
The variation of CIIC1
3 
levels in Louisville tap watei: 
was ulso studied in relation to its dependence on temperature. 
For this purpose monthly average temperatures for cihio River 
water were computed. Table 5 contains a listing of month:Ly 
averages for water tcmpernture, CJJCJ. 3 levels and other para-
meters. Linear regression analyses were performed with the 
results shown in 1'al.)lc, G. l\s evidenced by !:he high corre-
lation cocfficicnl:
1 
monthly avera,r,, CIIC1 3 concentrations in 
Louii.v:illc's drinking water arc hi<Jhly dependent upon ambient 
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TABLE 5 
MONTHLY AVERAGES OF SELECTED WATER QUALITY PARAMETERS 
Flowrate of Ohio Turbidityb Total Hardnessb Temperatureb CnCl3c 
Month/Year Rivera{cfs) {Uni ts) (mg/1 @ CaC03) -(Op) (;.ig/1) 
8/76 37,900 6.8 131 80 83 
9/76 26,500 3.8 161 77 99 
10/76 112,500* 42.4 126 64 58 
11/75 68,880* 12.8 111 49 41 
12/76 82,580* 22.2 118 41 27 
1/77 40,920* 5.9 123 35 13 
I-' 2/77 104,700* 30.7 129 36 27 
"' 3/77 253,700* 115. 112 46 42 
4/77 200,000* 134. 116 57 49 
5/77 76,360* 21. 4 139 69 69 
6/77 28,160* 6.9 143 77 63 
7/77 53,100* 8. 6 . 157 83 77 
8/77 74,170* 21. 6 147 81 77 
9/77 44,870* 10.6 119 79 91 
10/77 + 24.9 119 65 54 
* - Provisional data. 
+ - Not available at present. 
a - Provided by U.S. Geological Survey. 
b - Of Ohio Piver water. 
c - In u of L tap water. 
'I'ABLE 6 
SUMMJ\RY OF RELATIONSHIPS BET\'/EEN SEVERl\L 
WATER QUj\LITY Pl\Hl\METERS AND OBSERVED CHLOROFORM 
CONCENTRATIONS A'r u of L Ll\BORNI'ORY 
Independent 
Parametera 
Temperature (T) 
Turbidity (TURB) 
Flowrate of Ohio 
River (Q) 
Total Hardness 
(TH) 
L~ast-Squares Linear 
Regression Equation 
CHCl3 = -27.0 + 1.37 T 
cncf 3 = 63.3 - 0.171 TURB 
CHCl3 = 70.6 - . 0001"43 Q 
CHCl3 = -67. 3 + ·. 963 TH 
Correlation 
Coefficient 
(R) 
+0.936 
-0.269 
-0.362 
0.611 
R·Monthly mea11 values for the period 0/1/76 - 10/31/77 were used in 
all regression cqua~ions. 
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water temperatures. The least-squares line of best fit 
was determined as: 
c = -21.0 + 1.37 T (R = 0.936) 
where C is·t11e monthly average CHC1
3 
concentration in Louis-
ville's drinking water, µg/1, and i is the corresponding 
monthly average w&ter temperature for raw Ohio River water, 
oF. 
pH Value 
Many researchers have observed that the formation of 
THM is very dependent upon the pl! value of the solution 
phase. The exact explanation for this occurrence has not 
been clearly elucidated to date for natural waters, although 
various mechanisms have been proposed (Morris, 1977). 
Studies on pH effects have been completed by Rook (1974, 
1975), Kinman (1976), Stevens (1976), Symons (1976); Harms 
(1977), Morris (1977), as well as by this research team. 
In general, increased levels of chloroform are produced as 
the pH value is raised. A similar trend is found for total 
TH!1 concentration, whereas the concentration of brominated 
haloforms may be independent of the pH value (Kinman, 1976). 
B.ench-scale potential tests were performed to document 
the effect of the pH value of Ohio River water on the for-
mation of THM. Results from this preliminary experiment 
which was run on settled Ohio River water collected on 
11/10/76 are presented in Table 3. In this study 120 ml 
aliquots of settled water were placed in serum bottles and 
then contacted with free chlorine for a period of 10 days .. 
The pl! value of each aliquot tested was adjusted with NaOH 
or HCl.prior to its placement into the serum bottles so as 
to attain a spread of final pl! values. Two series of 
bottles were incubated. One received a 5 mg/1 initial 
dosage of free chlorine, while 10 mg/1 of free chlorine 
was added to the second set. Shown in Table 3 is the 
dependence of the potential to form CIJC1 3 versus final 
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incubation pIJ values. The right half of the table is for 
the set that received the JO mg/1 chlorine dosage, whereas 
the left half corresponds to the set that received 5 mg/1 
of free chlorine. As noted very high correlations are 
apparent l:ietween CIJC1
3 
produced and residual pH values. 
As expected, higher concentrations of CI~l
3 
were formed 
at elevated pH values. Table 3 also illustrates the dcpen-· 
dence of CI~l
2
Br formed with pH value. The amount of 
CIIC1 2Br formed appears to be maximized in the 7-9 pH range, 
with a gradual dropoff on each side of this range. Need-
less to say, CIIC1
2
Br concentrations do not exhibit a strong 
dependence with the pH value of the solution. Similar 
findings were reported by Kinman (1976) in his study of the 
Cincinnati water works. Namely, Kinman found that observed 
concentrations of CHC1
2
Br, CHC1Br
2
, and CHBr
3 
were not sig-
nificantly influenced by pH values in the 7.5-9.0 range. 
A larger-scale experiment was al.so completed in this 
investigation team to further study the effect of pH value. 
In this experiment three identical five gallon carboys of 
settled.Ohio River water were collected on 10/11/77. Varying 
amounts of NaOH were added among the three carboys so as to 
vary ~he pH value. Free chlorine was then added to produce 
an initial dosage of 10 mg/1 after which mixing was promoted. 
· A 100 ml aliquot was thereafter removed from each carboy and 
analyzed for initial pH value and free chlorine residual. 
Each carboy was then stored in the dark for 43 hours after 
which time samples were withdrawn from the middle of each 
jug for TIIM, chlorine and pl! analyses. Results from this 
experiment are listed in Table 7. Again, the concentration 
of brominated TIIM was only slightly affected by the pH value 
of the solution. The rate of change of cuc1
3 
formed was 
found to be about +40 µg/l per unit change in pIJ values. 
l\ value of about 21-22 Jlg/1 per unit change in pll value 
was indicated from earlier studies (Table 3). 
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TABLE 7 
RESULTS OF EXPERIMENTS ILLUSTRATI~G THE INFLUENCE OF 
oH VALUE ON THE FORMATION OF TRIHALOMETHANES 
Chlorine Residual pH Value Concentration of 
Reaction Chlorine (mg/1) Trihalomethanesc, pg/1 
Vessel Dose 
Finalb (mg/1) Initial a Finalb Initial a CHC1 3 CHC1 2Br CHC1Br2 
1 10. 5.5 3.3 7.3 7.3 56 25 8 
2 10. 5.0 2.7 9.3 9,1 120 37 14 
3 10. 4.8 2.2 10.6 10.6 189 36 13 
a - Just after chlorine was ad.ded. 
b - 48 Hours after chlorine addition. 
c - Average of three replicate samoles. 
Stability of TIIM Precursors 
A single bench-seal~ experiment was conducted as part 
of this investigation to d·ctermine the stability of pre-
cursors which react with free chlorine to form THM. It is 
believed that the majority of these precursors are naturally 
occurring compounds such as fulvic and humic acids, although 
no direct proof of this was attempted herein. Fulvic and 
humic substances are rather stable in natural waters and, 
as such, it was presumed that precursors associated with 
the THM formation reaction would also be stable. 
To gain some understanding of the persistence of THM 
precursors a five gallon carboy of settled water was returned 
to the laboratory on 1/3/77 and allowed to stand in the dark 
for a 21 day period. At random time intervals the carboy 
was shaken and samples removed. The aliquots removed were 
immediately run for its potential to form THM, that is, 
a THMPT was completed. Table 8 lists the data collected in 
this preliminary assessment. For reason(s) which cannot 
be explained from this simple stud~ the amount of CHC1 3 
appears to have increased during the first 14 days of storage 
after. which a marked decrease occurred. In contrast, the levels 
of CHC1 2Br formed remained relatively constant during the 
entire duration of the 21 day experiment. Further study is 
needed to verify the data found for CHC1 3 and to better 
understand the nature of precursor compounds. 
Organic Carbon Content 
A number of investigators have studied the influence 
of organic matter content, both naturally occurring and 
synthetically prepared solutions, on the formation of THM. 
Stevens (1976) demonstrated that increased humic acid con-
centrations yielded higher levels of total THM. Ooth Rook 
(1975) and Hoehn (1977) found similar trends specifically 
for chloroform. A total TIIM versus NVTOC correlation was 
published by Symons (1976) as part of the National Recon-
naissance for 11.ilogenated Organics. A positive correlation 
24 
TABLE 8 
STABILITY OF PRECURSORS IN OHIO RIVER WATER 
THMPT, pg/1 
Storage Time Prior to 
Start of THMPT (days) CHCl3 CHCl2Br 
0 45 14 
7 54 14 
14 65 16 
21 43 17 
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was found between total TIIM and NVTOC. 
Treatment Chemicals 
A variety of chemicals may be used for the purification 
of surface waters. Some of these chemicals were tested for 
their ability to react with chlorine to form trihalomethanes. 
That is, the research team considered the possibility that. 
the THM in drinking water resulted from a reaction of chlo-
rine with any of the other chemicals used (or an impurity 
in one of the chemicals used). After reviewing the data 
reported in Table 9 and other information, it is concluded 
that none of the chemicals tested (other than chlorine) 
resulted in a significant amount of THM production when 
added in the concentration range normally dosed. As such, 
it is concluded that the level of THM in chlorinated drinking 
waters results primarily from chlorine reacting with pre-. 
cursors already present in natural waters. 
Suspended Solids (Turbidity) and Particle Size Breakdown 
The influence of suspended and colloidal solids on the 
formation of TH:'-1 from untreated surface waters has been 
repor~ed by others. Stevens (1975) reported an 85-90% 
reduction in chloroform potential via gravity sedimentation . . 
In contrast, Symons (1976) has documented a study in which 
only a 15% reduction in the potential to form CHC1
3 
was 
recorded in a pilot water treatment plant. From a routine 
monitoring program on precursor levels in untreated Ohio 
River water (as part of this investigation) it was found 
that, on the average, about 20% of the C~Cl
3 
potential 
was associated with solids that were removeable via centri-
fugation. This average represents the difference between 
centrifuged and non-centrifuged THMPT completed on 14 dif-
ferent water samples. The observed range was 0-36%. In 
summary, a majority of the potential to form chloroform 
appeared to be associated with very fine colloidal and/or 
dissolved matter. 
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TABLE 9 
EVALUATION OF CHE~ICALS USED AT ~ATER Tl!EA~NT PLA~TS FOR THEIR POTENTIAL 
TO FORM CHLOROFOR~ UPON CHLORINATION 
Laboratory pH Value Chlorine Residual 
?reoared Caustic Start End Chlorine Start SolUtionsa Added Incubation Incubation Dose Incubation 
. 
Bla:1~ f o.o 5.7 ---- o.o o.o 
Bla~k f o.o 4.5 4.4 5.0 5.od 
~:aoH 40!> ll. l 11. 0 5.0 
Lir:ie 27c ll.2 ll. 0 5.0 
___ d 
Lir:i~, Alum 27c ll. l 11. 0 5.0 
___ d 
r~ir.ie, Polymer 27c ll. l ll. l 5.0 
___ d 
t.ir:ie, N'a 2co3 27c ll.l 11. 0 5.0 ---d 
Li::ie, Alu~, 
27c 
___ d 
?olyr:ier, N"a2C03 10.9 10.~ 5.0 
Lir:ie, N'a2FSi02 27C ll. l 11. O 5.0 ---d 
a - Dosages: Lime• 27 mg/1 
NaOH • 40 mg/1 
Polymer= 0.2 lhg/1 
Na 2co3 = 10.9 mg/1 Na 2FSi0 2 = l.45 mg/1 b - 40 mg/1 of reagent grade sodium hydroxide used for pH adjustment. 
c - 27 mg/1 of com..~ercial grade lime used for pH adjustment. 
d - All succeeding samples assumed to be 5.0 mg/1. 
e - Samoles incubated for 24 hours in the dark at room temperature. 
f - Distilled water only. 
End 
Incubation 
---
3.2 
3.1 
3.1 
3.1 
3.0 
3.0 
2.5 
2.7 
Trihalometha~e Potentiale, pg/1 
CHC1 3 CHCl 3 Adj us_ted 
3 --
'5 2 
31 28 
29 26 
19 16 
28 25 
17 14 
26 23 
26 23 
To further explore this.topic, Ohio River water (col-
lected on 11/4/77) was treated in three different ways and 
analyzP.d subsequently for its ability to form THM. In this 
manner, the association of the CHC1 3 and total TUM potential 
with particle size distribution could be derived. Standard 
THMPT were run on the following waters: (a) untreated Ohio 
River water; (bl settled Ohio River water; (c) centrifuged 
Ohio River water; and (d) chemically coagulated settled 
Ohio River water. A 24 hour settling time was used to 
obtain the settled Ohio River fraction. Centrifugation was 
done at 10,000 RPM for 12 minutes. Both alum and polymer 
were used to coagulate settled Ohio River water. Dosages 
were 100 and 5 mg/1, respectively. A Phipps and Bird 
stirrer was used to simulate coagulation with 3 minute 
period of rapid mixing, 15 minute period of.slow mixing and 
a settling time of 1 hour. TableE 10 and 11 list the data 
collected from this bench-scale study. It is evident that 
the brominated species were not dependent upon the degree 
of treatment, whereas the amount of CHC13 and total THM 
formed were certainly influenced by the extent of treatment. 
For ~xample, the CHC1 3 potential of untreated Ohio River 
water was reduced during gravity r;ettling by only 10%, 
whereas coagulated settled water exhibited a 45% reduction. 
Similar trends were found for total THM with reductions of 
8 and 39%, respectively. 
The ddta just presented in Tables 10 and 11 was re-
organized in order to illustrate the association of CHC1 3 
and total THM potentials with particle s_ize classification. 
Table 12 shows this breakdown and illustrates that as much 
as 85% of the potential to form TIIM was associated with fine 
colloidal and dissolved fractions. Of this 85% associated 
with essentially dissolved matter, about 25-35% was removed 
by chemical coagulation, flocculation, and sedimentation. 
~iltration prior to the initiation of the TIIMPT would be 
expected to further increase the observed percentage that 
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TABLE 10 
LISTING OF DATA COLLECTED IN THE PARTICLE SIZE DISTRIBUTION EXPERIMENT 
Concentration of Trihalomethanes 
NVTOC Turoidity Chlorine From THMPT, pg/1 
Type of Demand --
Treatment/Water (mg/1) (NTU) (mq/1) CHCl3 C!-1Cl2Br C!-IC1Br2 Total 
Raw Watera - No 
TreatweTlt 11.5 7.8 6.5 303 53 19 375 
"' Settled Raw Water 11.9 4.8 \:, 5.0 273 52 19 3·44 
Centrifuged Raw 
i·la ter I 9.5 1. 4 6.8 262 43 15 320 
Settled and 
Coagulated Raw 
Waterb 
I 8.2 1.0 6.0 167 44 19 230 
a - Raw water collected on 11/4/77 
b - 100 mg/1 of alum and 5 mg/1 polymer 
w 
0 
TABLE 11 
EFFICIENCY OF VARIOUS TREATMENT STEPS IN REDUCING NVTOC, 
TURBIDITY AND TRIHALOMETHA..~ES 
Percent Reduction in Comparison to Raw Water (%) 
Type of Treatment Trihalo~ethane Potential --·-·--· -------···--·· --
('l'ype of Water) NVTOC Turbidity CHCl3 CHC1 2Br CHC1Br2 Total 
I 
Ra•., Nater - No 
7rea tr.en t. -o- -0- -o- -o- -0- -0-
Settled Raw Water 0.0 38.5 9.9 1.9 o.o 8.3 
Ce::trifuged Raw 
~-:a ter I 17.4 82.1 13.5 18.9 21.1 14.7 
Settled and 
Ccagulated Raw 
l·:a ter I 28.7 87.2 44.9 17.0 o.o 38.7 
Parameter 
TABLE 12 
PERCENT BREAKDOlvN OF SEVERl,L WATER QUALITY 
PARAMETERS BY PARTICLE SIZE CLASSIFICATION 
Suspended Solids 
Fine Colloidal+ 
Setteable Non-Setteable Dissolved Solids 
CHCl3 Potential 9.9 3.6 86.5 
Total THM 
Potential 8.3 6.4 85.3 
NVTOC 0.0 17.4 82.6 
Turbidity 38.5 43.6 17.9 
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was removable via good coagulation practices. 
Summary 
Based upon the information just described it is certain 
that the levels of TIIM, especially CHCJ.3 , are dependent upon 
the chlorination practice employed at conventional water 
treatment plants and the environmental conditions present 
during chlorination. Water temperature is obviously a pre-
dominant factor in defining the amount of CHC1
3 
formed. 
Particulate matter also has an enhancing effect, although 
certainly not as pronounced as water temperature. The NVTOC 
content of surface waters is probably also a contributing 
factor in the formation of THM although the exact impact of 
NVTOC remains to be systematically quantified. Finally, 
enhanced pH values in the presence of free chlorine greatly 
stimulates the production of CHCJ.3 and totaI THM. 
In sununary, several environmental factors control the 
level to which THM are produced. The research results 
described herein provide a suitable, although certainly not 
perfect, data-base for extrapolating the qualitative effects 
of modifications to environmental conditions (during water 
treatment) upon expected THM levels in drinking waters. 
SURVEY'OF TRIHALOMETHANE LEVELS AT FIFTEEN WATER UTILITIES 
IN KEN'fUCKY 
Plant Selection 
Within the Commonwealth of Kentucky, there are 261 
water treatment plants classified as municipally owned water 
utilities. Of these water companies, 158 draw their raw 
water from surface waters such as streams, rivers, and lakes. 
The remaining 103 utilities have wells which pump ground 
water from various aquifers throughout the state. The 
sampling of each of these 261 water treatment plants was 
not practical in conjunction with this project. Therefore, 
a manageable portion of this entire group was selected. 
Every effort was made to represent a statistically signi-
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ficant sample of the state's population. To accomplish 
this, a histogram was prepared to show the distribution 
of surface water plants among different ranges of daily 
production (Figure 1). A second histogram was prepared 
showing tne population among the different ranges of plant 
production (Figure 2). Inspection of Figure 2 revealed that 
approximately 70% of Kentucky's population that is served by 
municipally owned water treatment plants uses water treated 
by utilities whose capacity ranges ·from 5 to 180 MGD. As 
shown in Figure 1, this range included 15 plants. By the 
extension of this range down to> 2 MGD, seventeen additional 
plants are included. This total of 32 municipal \·iater treat-
ment plants represents approximately 80% of Kentucky's 
population (Figure 2). 
In similar fashion, a set of histograms was prepared to 
determine the range of production capacity which would com-
prise a major portion of the state's populace served by muni-
cipally owned water utilities that use ground water as a 
source of.supply. Figures 3 and 4 illustrate that 16 water 
plants of 1 or more MGD capacity provide for about 60% of the 
population supplied by municipal gr.ound water treatment plants. 
All of the plants with productions> 1 MGD were then 
located on a map of Kentucky to illustrate their geographical 
-distribution. To insure only reasonable travel expenses, 
the most distant plants (from Louisville) were eliminated. 
Then, to insure that the final plan-::. selection was repre-
sentative of a broad cross section of treatment practices, 
the remaining plants were grouped c:ccording to treatment 
schemes. Certain water treatment plants within the larger 
groups were eliminated to avoid excessive duplication. 
Through a lengthy process of postal and phone corre-
spondence, a final list of 15 water treatment plants was 
selected. Each local water superintendent was guaranteed 
anonymity of results in exchange for their full cooperation 
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, 
with the study (Appendix A). 
Sampling Procedure 
It was important to record sufficient supplementary 
data for each utility that was sampled so that the THM 
resu1ts could be interpreted meaningfully. To allow for 
rapid and complete data entry, three different forms were 
prepared and duplicated. Fifteen copies were made of each 
of the following: (a) water utiltty questionnaire; 
(bl treatment schematic; and (c) physical/chemical parameters. 
The water utility questionnaire was completed via an inter-
view with the resident water superintendent. The first part 
of the questionnaire dealt with the official title of the 
water utility and the area and population served. The 
treatment plant's average daily production (!~GD), raw water 
source, and average daily chlorine residual maintained in. 
the clearwell were also included within this first section. 
The remainder of the questionnaire was a little more subjec·-
tive in nature. This consisted of two questions related to 
the needs for future improvements and/or expansion for: 
(a) the water treatment plant proper; and (bl the distri-
bution system. The answers to these questions gave an 
insight into the probabilities of _future expansion. 
The.second form contained 10 separate subsections 
representing the different unit operations conunonly found 
at water purification facilities. Information about basin 
size, and other sp~~ifications was placed in the appropriate 
subsection. Also, a list of chemicals used in each operation 
along with ·the daily dosages was preparea. As mentioned 
earlier in this section, data on treatment operations are 
instrumental in interpreting the results of THU analysis. 
The coagulant and disinfectant dosages were expressed in 
units of mg/1 and listed for each of the water companies 
(Table 13) • 
The third and final data sheet was used to record the 
measurements taken both on site and back at the laboratory. 
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TABLE 13 
SU?-' .. MARY OF WATER QUALITY A~~LYSES PERFOR..Y..ED AS PART OF 
THE STATE THM SURVEY 
Wat~r t:tilitv ~H~ Lcvclsa(~~/1} Phrsieal/C~e~. Para~cters 0 
P!a:it Pl,J.nt P.a·.,. t-:ater Source :HC1 3 CHC1 2Br ~:·..:~.t-:?r Si,:r.:: 
(~';:,) 
1 1. 7 Ohio River Alluviu." TR TR 
2 O. ':IS O~io lti\'er A.lluviu." 7R TR 
3 9. 3 :-:ed. River, Trib., of 55 5 
Ohio 
4 9. 5 0!":.i,:, Ri vcr 45 15 
; 9.0 c~:.o Riv-:?:- 40 10 
6 2. 5 Li:>::g. ::a :-ro ..... Ij;'j?OUr.rt- !. 30 10 
:"'.'.:nt, s:-:ullow 
7 l. 2 ~:ed. Si:::c Creek, 50 15 
S:,c..c.,.·!1at Turbi,i. 
3 l. l s~~ll Str~.J~-Fed 60 10 
L:i:0::e 
9 2.~ Chio Rive: All\.l'liU:il TR TR 
(·.:cl l 1 
10 1. 5 :-:c=.. Siz'! S;iri:ig Into 20 15 
S:-:::111 Reservoir 
ll 1. 7 Cree:.;;-Fed :-:ed. Size 85 10 
La%e 
12 6.0 ~ej. Size River Highli 75 15 
Tu:-~id. 
13 l.O ?~12:d. Size River Highly 40 10 
Tu:-~i~ .. 
14 3.3 La!"',-:? Lai-:e 100 10 
15 180.0 o::.ic P.iver 80 10 
. 
a - Finished wa~er, ~JD "" not detected·, T~ ,. Trace <S. 
b - 7otal ::-~halc--~-:.:i:incs. 
c - Finis~e:'! W.a~er Values. 
CHC1Br 2 TTHMb eH 
TR <15 7.7 
TS <15 7. 2 
:-.o 60 7.2 
TR >60 7.9 
TR ,so 7.6 
ND 140• 7.9 
TR 65 7.6 
TR > 70 7.1 
TR <15 8.2 
TR >35 7.3 
NO 95• 7.7 
ND 90• 7.2 
ND 50 7.5 
NO 110• 7.9 
TR >9011' 8.5 
cl - Pa=~ial C!02 dosage. 
e - Pre-Chlo=i~a-:.ion rarely used- with- 9ost-chlorination, average value given. 
Te:!!O c1 2 Res ':'OC (OC) (mg/l) (mg/1) 
19 1.2 2.0 
17 0.7 ---
25 2.7 ---
25 >3.0 3. 2 
25 1. 9 l. 7 
24 l. 4 5.4 
27 2.6 5.l 
27 1.6 4.4 
17 0.6 2.l 
21 l.4 3. 0 
27 >3.0 7.5 
26 2.3 7.1 
25 1. 9 5.0 
27 l.4 S.4 
18 l.4 4.3 
Che~ieal Dosaaes ("c/ll 
Chlorine 
?re Post Total Alu.-.-i Li~e 
--- --- 1.8 ---- ------- --- 0.7 ---- ----
.l. 6 1.4 5.0 22.7 8.5 
5. 3d 2.1 7.4 42.4 35.2 
4.7 0.5 5.2 18.0 3. l 
4.9 l. 4 6.2 26.4 1.;. 4 
10.0 2.S 12.5 40.0 15.0 
4.2 1.1 S.3 37.2 17.0 
:2.7 l.8 4.5 4.S 39.0 
2.4 l. 6 2. c,e 24.3 18.2 
10. 6 1. 4 12.0 42. 4 21.2 
4.7 1.6 6.3 OCCftS. Polyner 
4.0 l. 9 5.9 78.0 19.0 
3.9 10.2 14.1 Occas. Occas. 
4.1. l. 0 5.2 12.0 14.4 
Whereas the temperature (raw and finished) and chlorine 
.residual (finished only) were performad during the site 
visitation, 300 ml bottles were filled for later analysis 
of NV'roc levels (raw and finished). Duplicate samples 
were taken in scaled scrum bottles for both raw and 
finished water trihalomcthane content. The results of 
these physical and/or chemical analyses are reported for 
each of the fifteen utilities in Table 13. 
Discussion of Results 
In as much as they arc similar studies, this survey 
was modeled after the EPA National Organics Reconnaissance 
Survey (NORS) of halogenated organics. The similarity 
applies to its purpose as well as its format. Therefore 
this state survey, like the NORS study, seeks to establish 
a data base of THM levels as affected by different treat-
ment operations as well as environmental conditions. This, 
as opposed to providing plant-scale data to substantiate a 
number of research hypotheses, would obviously require more 
than a single grab sample. Nevertheless, the results from 
this limited survey suggest several generalizations. 
As one instance, the chlorine demand (dose minus residual) 
was pl'Otted in the NORS study ver~us total THM to yield a 
positive correlation. It has been postulated (Symons;. 
1975) that a·mcasure of precursor utilization may be a rela-
tively constant fraction of the free chlorine uptake (C1 2 
demand). Therefore, the finished water THM levels should 
·follow the chlorine dem_and assuming that chlorine is in 
excess and that other environmental fact'ors remain constant. 
When the clorinc demand wa::: plotted versus TTHM for the fif-
teen water utilities surveyed in the present study, a modest 
positive correlation was observed (R = 0.067). 
Taking into account thC! influence of total chlorine 
dose, the single mo:::t influential factor remaining was the 
source and quality of raw water supply. Water sources which 
contain low concentrations of TllM precursors will obviously 
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lcacl to a reduced formatio11 of TIIH. Consequently, those 
utilities which use ground water (plnnt numbers 1, 2, 9 and 
10) were found to exhibit the lowest levels of finished 
water 'flIM. In contrast, plant numbers 6 and 12 (moderate 
c1
2 
dosages) drew from highly turbid and/or colored waters. 
Research on the origin of TIIM precursors points to surface 
runoff containing decayed materials (leached from humis). 
In the case of plant number 6 a shallow impoundment is used 
as a raw water source and is subject to a great deal of 
agricultural runoff (source of precursor material). There-
fore, it is not surprising to note that the chloroform level 
for plant number 6 was 130 µg/1. Unless provisions can be 
made to draw from an alternate water body, little can be 
done to reduce the inevitable TIIM formation due to disin-
fection. Perhaps a shift in the point of p~e-chlorination 
to after clarification could reduce the Tl!M somewhat. Simi-
larly, plant number 12 must contend with a precursor-laden 
raw water source, but in this case, the source is a highly 
turbid river. The large quantities of silt and other par-
ticulate matter in this water supply presumedly results from 
soil ~rosion. Frequently, precursors associate with parti-
culate. and colloidal material. Consequently, this river 
carries high levels of precursors ·which later form THM 
upon chlorination at the water treatment plant (=75 µg/1). 
Again, to reduce the final TIJM concentrations at plant 12 
pre-chlorination should be located after the majority of th:l 
suspended solids and colloids have been removed (i.e., at 
the head of the sand filters). 
From the data listed in Table 13 it is obvious that 
ground.water supplies yielded lower THM levels than surface 
water supplies. Prcsumcdly, the trend results clue to the 
lower content of precursors in ground w.:itcr supplies. How-
ever, the potential beneficial effects of lower chlorine 
dos.1gcs, shorter contact times, low,~r tempera tu res, absence 
of su:;pencled solids ,:rncl other similur factors associated 
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with ground waters cannot be completely overlooked. Unfor-
tunatel~most of the water utilities in Kentucky that cur-
rently use surface water supplies cannot switch to a 
ground water supply because the latter resource is unavail-
able in sufficient supply to meet current demands. As such, 
these water treatment plants must utilize in-plant modifi-
cations and/or new treatment systems to reduce the level of 
THM to acceptable levels. A brief review of the total THM 
data in Table 13 shows that five of the twelve surface water 
supply plants surveyed had levels of THM either at or above 
EPA's recently promulgated interim standard. 
BENCH-SCALE TREATMENT EXPERIMENTS 
The research team evaluated in the laboratory several 
unit treatment operations. The overall goal of these experi-
ments was to define the efficiency of each treatment operation 
in the removal of trihalomethanes and/or precursor compounds. 
Significant results from these studies are described herein. 
A more complete description of these experiments will be 
contained in the Master of Engineering thesis yet to be pre-
pared by the graduate students performing these experiments. 
Simulated Treatment Scheme Studies 
A series of experiments were _completed to determine the 
general effectiveness of various treatment processes and 
treatment schemes for the removal of precursors. Because 
of the design of these studies, information can also be 
derived concerning the potential benefit(s) of moving the 
point of pre-chlorination back further into the treatment 
system. In essence, these experiments cbnsisted of treating 
Ohio River water via a variety of treatment processes. 
After each treatment step an aliquot of water was removed 
and a TllMPT completed. In this· manner both the cumulative 
and incremental effectiveness of treatment systems in 
reducing the CIIC1 3 potential was assessed. 
Four treatment plants were selected for simulation and 
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are illustrated in Figure 5. As shown these simulated treat-
ment plants included collectively the following unit opera-
tion: pre-sedimentation; chemical coagulation, precipitive 
softening, ion-exchange softening, rapid sand filtration, 
granular Jctivated carbon (GAC) filtration and powdered acti-
vated carbon (PAC) addition in conjunction with chemical 
coagulation. The dosages of chemicals were 12 mg/1 of alum, 
18 mg/1 of lime, 11 mg/1 of soda ash and 8 mg/1 of PAC. The 
location in the treatment schemes where these chemicals were 
dosed is indicated in Figure 5. Fixed beds of granular 
activated carbon and cationic exchange resin were used. Each 
filter was 3.0 feet in depth and was operated in a continuous 
downflow mode at a conventional surface loading rate of about 
2.0 gpm/ft
2
. 
Results from the THMPT arc listed in T9ble 14 in which 
the CHC1
3 
potential is reported in both µg/1 and percent 
reduction (from the THMPT identified for raw Ohio River 
water). Several observations can be made concerning the 
reduction in CHC1
3 
potential. First, the chloroform poten-
tial of Ohio River water was reduced by about 34% in a treat-
ment system consisting of pre-sedimentation, chemical coagu-
lation, precipitive softening and filtration. That is, the 
chloroform potential of filtered water (i.e., water that was 
settled, chemically coagulated, precipitive softened, and 
filtered) was only 66% (142/216) of that found for untreated 
Ohio River water (216 µg/1). This information is listed 
in Table 14 under treatment experiment I. It should be 
noted that the TIIMP'r reported for coagulated water (Raw -
Set - Coag entry in Table 14) was higher than raw water and 
is presumed to be an eronious reading since more detailed 
studies on chemical coagulation clearly indicate that such 
an increase should not occur. As such, the entry for coagu-
lated water was not used in calculating the percent reduc-
tions of CIIC1
3 
potential shown in Table 14. 
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TABLE 14 
REDUCTION IN THE POTENTIAL TO FORM CHLOROFORM UPON SUBSEQUENT 
CHLORINATION FOR SEVERAL TREATMENT SCHEMES 
Extent of Treatmenta 
Chloroform Potential 
(pg/1) % Reduction Cumulative% Reduction 
a) RA'.'1 
bl R.r"\~·i, ,.,~,-1 
~1. •. , cl 
d) 
e) 
f) 
T">,'.\ .. , .. 
rv.t~, 
R.r'.~'1 I 
R.J"\t7 I 
a) RJ..:·; 
b) Rl\i•l, 
c) 
d) 
el 
f) 
R.t ... ~1:·l, 
RA~1'' 
R}\1:\, 
RJ~ ~.,] I 
al R.Y11 
SET, 
SET, CON:;, 
SF.T, COAt;, PS, 
S~T, co;,G, PS, RSF 
SE'i', COAG, PS, RSF, GAC 
SET, 
SB7, COAG, 
S:ST, COAG, IE 
S~7, CCAG, IE, RSF 
SE~, COAr., IE, RSF, GAC 
b) RA!-7, SF.T, 
cl Rt,N, Sr.TI COAG, 
d l RA:v, Si;:T, COAG, RSF 
el RJ,:,, Sr:7, COAG, RSF, GAG 
a) Rl\.N 
bl RAW, SET, 
c) Rl,'·1, SE'i', COAG-PAC 
216 
202 
238 
180 
142 
9 
216 
202 
238 
202 
160 
29 
216 
202 
238 
153 
26 
216 
202 
194 
6.5 
o.o 
10.2 
17.6 
61.6 
6.5 
o.o 
o.o 
19.4 
60.6 
6.5 
o.o 
22.7 
58.8 
6.5 
3.7 
6.5 
6.5 
16.7 
34.3 
95.9 
6.5 
6.5 
6.5 
25.9 
86.5 
6.5 
6.5 
29.2 
88.0 
6.5 
10.2 
a - Abbreviations are as follows: RAW= Untreated Water; SET= Settled Water; COAG = 
Chenical Coagulation; PS= Precipitative Softening; RSF = Rapid Sand Filtration; 
GAC = r,ranuJ.ar Activated Carbon; IE= Ion Exchange Softening; and PAC= Powdered 
Activated Carbon. 
It is important to note that aand filtration was 
_apparently very effective in reducing c11c1 3 potential. 
Doth coagulated and softened waters had relatively high 
turbidi tics ( 2. 6 and 4. 6 turbi,li ty uni ta) • 'fhe lab acale 
sand filter appeared to do a good job in removing the floe 
carried over from chemical coagulation and precipitive 
softening. Preaumedly, the removal of this floe resulted 
in the lower CHC1
3 
potential in filtered water. It should 
be emphasized that the 34,:; cumulative reduction in the CIIC1 3 
potential ,;.•as obtained for treatment conditions that may not 
be optimal for the removal of precursors. Presumedly, this 
percentage could be increased further by optimizing each 
unit operation (coagulation, softening, and filtration). 
An inherent assumption in this evaluation is that in actual 
practice chlorination would not be practiced until after. 
filtration. 
The most pronounced reductions in CHC1 3 potential were 
obtained with the filter of granular activated carbon. In 
each of the first three treatment experiments the GAC filter 
accounted for approximately two-thirds of the observed reduc-
tion.in total CHC1
3 
potential. More importantly the GAC 
filter. was able to remove precursors present in Ohio ~iver 
water and thereby lower the CHCJ.
3 
potential into the 10-30 pq/1 
range. It should be stressed that the environmental conditions 
under which the TIIMPT was completed arc extremely favorable 
for the formation of CHC1
3
• As such, it is unlikely that 
the effluent from a fresh GAC filter would upon chlorination 
have CIIC1
3 
levels as high as 30 µg/1. I1:) summary, granular 
activated carbon was capable of significantly redu~ing the 
level 9f precursors and, therefore, a marked reduction in 
CIIC1
3 
potential was observed. In contrast, the addition of 
an 8 mg/1 dosage of powdered activated carbon was ineffective 
in reducing the chloroform potential (Sec treatment achcme 
IV in 'J'ablc 1'1) . 
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Chemicnl Conqulation 
Experiment3 were initiated to determine more precisely 
the efficiency of chemical coagulation in removing precur-
sors present in surface waters. These studies were completed .. 
with one liter water samples using a Phipps & Bird stirrer 
which is capable of coagulating six samples simultaneously. 
By adjusting the rotation speed of the paudles the unit 
operations of rapid mixing (coagulation), slow mixing (floc-
culation), and settling (gravity sedimentation) were simu-
lated. Again, the experimental procedure was to chemically 
coagulate Ohio River water under a variety of experimental 
conditions (i.e., pH values, alum and polymer dosages, etc.) 
and then to subject aliquots of the treated waters to THM 
potential tests. Two different potential tests were com-
pleted on each aliquot. The "standard" THMPT (See page 9) 
was run both with and without adjustment of the initial 
pH value into the 10.5-11.2 range. The THMPT with pH adjust-
ment provides data on the maximum potential to produce CHC1
3 
and total THM, whereas the THMPT run without initial pH 
value adjustment gives a more representative indication of 
THM concentrations expected under plant operating conditions. 
Variation in the potential to form THM under a variety 
of alum and polymer dosages is shown in Table 15. It is 
evident from Table 15 that both alum and polymer are capable 
of reducing the potential to form THM, although the magnitude 
of the ef~ectiveness of each coagulant varies with dosage 
and THH species. For example, reductions in the CHC1
3 
poten-
tial (with pll adjustment) that resulted when the alum dosage 
was increased from 0-20 and 0-100 mg/1 were 18 and 48%, 
respectively. Corresponding reductions in the total THM 
potential for these same dosages were 12 and 40%, respec-
tively. Thus, it appears that large dosages of alum alone 
would be required to enhance significant removals of pre-
cursors during the chemical coagulation process. It is 
significant to note that the data reported in Table 15 only 
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TABLE 15 
INFLUENCE o~ CRE~ICAL COhGULhTIO~ o~ THC ·POTE!;TIAL TO 
SUBSEQUENTLY FOR~ TR!!!!\LOMETHA.~Esa 
Dosage o! Che~icals (~g/ll Trihalomethane Potential, pg/l 
al-.:..-:t p~l%'.er C!!Cl3b CHCl3c CHCl2Brb CIICl2BrC C!!ClBrl CHC1Br2c 
o.o o.o 125 81 5 31 l 7 
5.0 o.o 124 Bl 12 32 6 7 
20.0 o.o 102 57 12 26 6 7 
10.0. 0 0.0 65 25 13 16 6 6 
o.o o:o 125 Bl 5 31 1 7 
0.0 0.25 100 68 8 20 3 8 o.o 1.CO 90 77 B 24 3 9 o.o 5.00 95 76 B 21 3 9 
o.o 0.0 125 Bl 5 31 l 7. 
5.0 C.25 86 88 15 28 9 6 
20.0 1.00 70 62 16 25 10 5 
100.0 5.00 53 28 17 16 11 3 
e - Co~;ulat~d at a n~utral ~H value. 
b - ,,___ ~·-'·-d -··v.,,- · "•h . 'ti l H dj - i l - _ ...... a s--··""'""'"' .1,.n .• - • "11.... an in... a p a ustmen ... nto 10.S-1 range. 
c - Fro::, a sta:oeard TH:t.?T except no initial pH adjustment. 
Total Tnxb Tota 1 -:-r.:-:c 
131 119 
142 120 
120 90 
84 ,-• I 
131 119 
111 95 
101 llO 
106 1C6 
131 1'0 
110 122 
96 90 
Bl n 
describes the chemical coagulation process and not the effect 
of chemical coagulation followed by qranular filtration. 
Based upon data previously reported in Table 14 (on filtra-
tion), it is reasonable to expect that the combined influence 
of coagulation, flocculation, sedimentation and filtration 
to be substantially more efficient for precursor removal than 
simply the chemical coagulation process for reasons mentioned 
previously. 
Data is also presented in Table 15 for coagulation with 
polymer only and for alum/polymer coagulation. As shown, 
coagulation with polymer alone is not as effective in removing 
precursors in comparison to coagulation with alum alone. 
However, the joint use of alum and polymer does appear to 
enhance somewhat the removal of precursors above and beyond 
that accomplished by either alum or polymer alone. For 
example, data for the TH:-!PT conducted with pH adjustr.1ent show 
the following percent reductions, in comparison to untreated 
Ohio River water: 
Coagulant 
alµm (20 mg/1) 
polymer (1.0 mg/1) 
alum and polymer 
(20 and 1.0 mg/1) 
CHC1
3 
Pote.ntial Total THM Potential 
18 12 
28· 24 
44 33 
The influence of the pH value under which coagulation 
occurs was also studied in regards to removal of precursors. 
Table 16 lists the results from these THMPT tests. In all 
of these coagulation studies the dosages of alum and polymer 
were kept constant at 12.1 and 0.2 mg/1, respectively. Results 
for the TIIMPT with pl! adjustment suggest that optimum pre-
cursor removal occurs over the p!I 6-8 range, although the 
observed results for the alkaline range were only about 
6-8% higher than those observed in the neutral range. 
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nH ,/al ue During 
.. Coa;-.:.la tion 
5.0 
c, 6.0 0 
7.0 
8.0 
9.0 
10.0 
CHCl3a 
135 
100 
102 
104 
109 
112 
TABLE 16 
:REDUCTION IN THE POTENTIAL TO FORM TRIHALOMEHTANES VIA 
CHEMICAL COAGULATION AT VARIOUS pH VALUESC 
Trihalomethane Potential, pg/1 
CHCl3b CHCl2Bra CHCl2Brb CHC1Br2a CHClBr2b 
40 7 ND 1 ND 
37 6 11 1 6 
73 5 18 1 6 
83 5 17 1 7 
89 5 17 1 9 
115 3 19 1 9 
a - F=o::1 a standard T,:~li'T with an initial pH adjustment into 10.5-11.2 
b - F~c::, a standa=a TH~!PT except no initial pH adjustment was made. 
range. 
c - Dosages of alum and _Polyr::er were 12.1 and 0.2 mg/1, respectively. 
Total THMa. Total Tl!Mb 
143 40 
107 54 
108 97 
110 107 
115 115 
1]6 143 
Congu.lation in the acidic range, however, resulted in con-
siderably higher potentials to form both CIIC1 3 and total '£HM. 
Powclerec1 llctiva tccl Carbon (Pl\C) lldsorplion 
Results from preliminary studies (See Table 14) sug-
gested that Pl\C was not effective for the removal of precur-
sors at conventionnl dosages (i.e. 10 mg/1). A subsequent 
PAC experiment was com,)leted to determine if THM precursors 
could be removed at higher carbon dosages. In this experi-
ment, six on~ liter samples of Ohio River water were treated 
with varying amounts of Hydrodarco-HDB PAC under identical 
mixing conditions. The dosage of PAC was varied from 0-
1,000 mg/1 and mixing was provided by a Phipps & Bird stirrer 
operating at 100 RPM. After 30 minutes of contact with the 
PAC, the water samples were centrifuged to remove the adsor-
bent and suspended matter. Subsequently, each clarified 
water sample was subjected lo a THMPT analysis with the 
results shown in Table 17. As shown, PAC dosages of SO mg/1 
are required to obtain roughly a SO percent reduction in the 
potential to form chloroform. Increasing the carbon dosage 
beyond 100 mg/1 appears to have little incremental return for 
removing precursors. Further, it appears that as much as 
20% of, the THM precursors are non-adsorbable, at least by the 
adsorbent tested in this experiment. 
The implementation of PAC for removing THM precursors 
from natural waters cannot be clearly elucidated from the 
single experiment just described. lldditional studies should 
be completed to define optimum environmental conditions 
(of adsorbate, adsorbent and contacting methods) for the 
rcmov.11 of TllM precursors with PllC. Such a study was beyond 
the scope of this project. In sun@nry, the data listed in 
Table 17 and reported elsewhere (Love, 1975) docs illustrate 
that l'l\C can remove some, but certainly not all, of the TIIM 
prccursor5. PAC dosagps considerably above those frequently 
used for taste and odor control may be required to effect 
significant precursor removals. As such, PAC adsorption is 
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TABLE 17 
PRECURSOR REMOVAL VIJ\ PO\vDERED l\C'rIVJ\TED 
CARDON (PAC) ADSORPTIONa 
Dosage of PAC Chloroform Potentialb 
(mg/1) (pg/1) (% Removal) 
0 236 0 
10 215 9 
25 170 28 
50 127 46 
100 85 64 
1,000 48 80 
a - Jlydrodnrco IIDil powdered activated 
carbon. 
b - TIIMP'r for chloroform only with initial 
pl-I ad:ju::;tmcnt prior to chlorination into 
the 10.5-11.2 range. 
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not a pnnnceia for the com?lcte reduction of chloroform for-
mation at water utilities. However, Pl\C may be appropriate 
in situations where only partial precursor removal is accep-
table or for situations where intermittent T!IM problems 
occur. T6is may be especially true for small water utilities 
where simplicity in treatment operations is highly desirable. 
Chlorine Dioxide and Ozone 
11. potential treatment modification that indicates pro-
mise towards the overall goal of chloroform reduction 
involves the use of ozone and possibly chlorine dioxide as a 
primary disinfectant instead of pre-chlorination. Addition 
of ozone or chlorine dioxide could occur to either raw, 
settled, coagulated and other waters and would then be fol-
lowed by filtration and minimal post-chlorination. Symons 
(1975) has shown that neither ozone or chlorine dioxide react 
with precursors to form trihalomethanes. The use of chlorine 
dioxide at water utilities, however, may be limited by EPA to 
a maximum dosage of 1.0 mg/1 clue to potential health problems 
associated with chlorites. As such, the utilization of ozone 
as an alternative primary disinfectant in place of pre-chlo-
rination appears to be favored at this time. 
B-ench-scale research with both chlorine dioxide and 
ozone have been completed in the principal investigators 
laboratory in conjunction with another project. Only a brief 
summary of the significant conclu,.ions and observations from 
this work is included herein. The reader is referred to two 
recent articles which describe these results in more detail 
(Hubbs, 1976; and Zogorski, 1977). 
The ability of ozone to chemically oxidize chloroform 
and other trihalomethanes was determined by Hubbs (1976). 
Neither chlorine or ozone were capable of oxidizing chloroform 
at conventional dosages (i.e.~ 5 mg/1). Presumedly, the 
oxidants reacted more Tcndily with other matter present in 
natural w,1ters. The cffc~ct of conventi.onnl do::,;iges of chlo-
rine and ozone on TIIM precursor levels has also been detcrminc,c1. 
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In esi:;ence, Jlubbi:; (1977) found that: the addition of ozone 
did reduce the potential of surface waters to subsequently 
form Tll~I upon chlorin.:ition. This trend is illustrated in 
Table 18 which shows the influence of several ozone dosages 
to pre-settled Ohio River water on the potential to form 
chloroform. Mr. Hubbs cautioned., however, that the precur-
sor removal accomplished by ozonation (in his experiment) \1as 
also attainable by good pre-sedimentation and coagulation 
practices. Thus, the addition of ozone to existing treatment 
facilities may not produce significant reductions in precur-
sor levels, above and beyond THM precursor removals currently 
accomplished. This finding docs not suggest that the use of 
ozone (or chlorine dioxide) when used as an alternative to 
pre-chlorination will be ineffective in reducing the levels 
of THM subsequently formed when the water is· post-chlorinated. 
Rather, it simply denotes that ozonation was incapable of 
removing that fraction of precursors which are not removed by 
conventional treatment practices (pre-settling, chemical 
coagulation, precipitive softening, PAC adsorption, or sand 
filtration). The iraplication of course, is that some THM 
will form as a result of post-chlorination in water treatment 
schemes that utilize alternative pre-disinfectants. However, 
the level of THM formed in such sc·liemes should be considerably 
less than water treatment schemes using both pre- and post-
chlorination for reasons discussed previously (See pages 
13 - 16) · 
Granular llctivated Carbon (Gi\C) llc.sorpti.on 
The use of G!IC at water utilities is not widespread at 
present, although the applicability of G!IC adsorption tech-
nology for reclucing the level of organic.matter from drinking 
water is well documented. 11 majority of the plant scale 
uses of GllC at water utilities in the U.S. has been for taste 
and odor problemG. Ctn1sideralJly fewer utilities have 
in5tall.ed GllC contactoi:i; for the removal of 5ynthetic or<].rnic 
chemical:.. Prior to 1975, essentially nothing wan known 
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TABLE 18 
(After Hubbs, 1976) 
EFFECT OF OZONATION OF PRE-SETTLED OHIO RIVER 
WA'.I'ER ON THE POTENTIAL TO FORM CHLOROFORM 
Chloroform Potential 
Ozone Dosage 
(mg/1) pg/1 % Reductiona 
0 sob 0 
1 46 8 
2 38 24 
4 32 36 
6 26 48 
8 26 48 
a - In comparison to the chloroform potential 
of' un-ozonated settled water 
b - Estimated value 
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concerning the removal of TIIM and TIIM precursors from 
drinking w.1ters. The most recent interim primary regulations 
for the control of organic chemical contaminants in drinking 
water (Fcd.9_ral Reqi,.tQL - February 9, 1978l, however, has 
mandated considerably more interest in the usage of GAC at 
municipal water utilities. In fact, the new regulations 
may require the installation of GAC treatment at all water 
utilities serving a population grea~er than 75,000 people 
whose water source is subjected to possible contamination 
by synthetic organic chemicals. As such, many utilities 
will be evaluating GAC for the removal of both TIIM and syn-
thetic organic chemicals. 
Information was collected as part of this investigation 
on the efficiency of GAC for the removal of TIIM and THM pre-
cursors only. The effectiveness of GAC-for the removal of 
the myriad of synthetic organic chemicals which might' be pre-
sent in a polluted surface or ground water supply was not 
envisioned as part of this investigation, although the neces-
sity of conducting such research in light of EPA's recent 
regulations are clearly demonstrated. 
k series of three distinct experiments were completed 
as part of this study to ascertain knowledge on the adsorptl.on 
phenomena of THM and THM precursors by GAC. The specific 
goals of the adsorption experiments were: (al define the 
approximate height of the mass transfer-zone for the removal 
of trihalomcthanes; (bl perform bench-scale column tests on 
various commercially available adsorbents to illustrate their 
relative performance in the removal of trihalomethanes and 
TIIM precursors in the trihalomcthane formation reaction; and 
(c) field test GAC for trihalomethane, NVTOC, and precursor 
removal. Results collected to define the mass transfer 
properties of the TIIM-GAC system for a fixed-bed contactor 
have been reported elsewhere (Smith ct al., 1977l and, 
therefore, only a brief summc1ry will be presented herein. 
Eight adsorbents have also been tested on a side-by-side 
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basis for their effectiveness in Tl!M removal. Because of 
the significance of this information, details and associated 
results of this experiment is de~cribed herein. ·Finally, a 
field study of a GAC installation in Kentucky was made to 
gain insight into the performance of GAC in removing TIIM 
under plant-scale conditions. Results from this latter 
experiment are described in the next major section of this 
report. 
Mass Transfer Parameters - Four brands of GAC were tested 
initially to gain.insight into the performance of GAC in 
removing THM and THM precursors, and to obtain data on the 
mass transfer characteristics of the GAC-THM system. 
Briefly, these experiments consisted of passing water thru 
a fixed bed of GAC and recording the breakth~ough of THM and 
precursors in the effluent from each column. The break-
through curves were in turn used to calculate parameters 
which collecti,,ely describe the mass transfer properties of 
a GAC contactor. The reader is referred to the recent 
publication by Smith et al. for a more detailed description 
of these experiments. 
Results from these preliminary studies demonstrate that 
chloroform and other trihalomethanes can be removed from 
water supplies via commercially available adsorbents. Each 
of the four brands of granular activated carbon that were 
tested were capable of decreasing the concentration of tri-
halomethanes below the limit of analytical detection. 
The kinetics of adsorption of chloroform and other 
trihalomethanes by GZ\C in a fixed-bed contactor were rapid. 
As such, high levels of adsorptive efficiency are attainable 
iri shallow beds of carbon. For example, adsorptive effi-
ciency at initial breakthrough of 80-901 is expected for a 
3.0 foot depth of granular carbon being operated at a con-
ventional surface loadii1g rate (i.e. 2 gpm/ft). Z\ higher 
efficiency could prcsumedly be attained by increasing the 
57 
depth of adsorbent, decreasing the surface loading rate and 
by otherwise optimizing the adsorptive properties of Gl\C for 
trihalomethanes. 
Three characteristics of the mass transfer zone for the 
chloroform-activated carbon system were calculated. These 
parameters include: (a) the height of the mass transfer 
zone, HMTZ; (b) the rate of movement of the mass transfer 
zone, R. and (c) the fractional capacity of the. adsorbent -MTZ; 
within the mass transfer zone, ~. Collectively, these three 
parameters describe the adsorbate-adsorbent interaction which 
occurs in a fixed-bed contactor. Table 19 contains data on 
these mass transfer parameters for three of the activated 
carbons tested in this study. These data are only applicable 
for the system studied. It is significant to note, however, 
that the height of the mass transfer zone was shallow (0.7-
0.9 ft.) which indicates a rapid interaction between the 
adsorbent and adsorbate but fell in the 0.02-0.04 feet per day 
range, If applicable to field conditions, these data sug-
gests that a 3 foot depth of granular activated carbon could 
effectiveiy remove chloroform for a period of 6-15 weeks 
before regeneration would be necessary. In summary, the 
mass transfer characteristics of the THM-GAC systems are 
generally favorable with a shallow mass transfer zone and a 
high fractional capacity. The adsorptive capacity of GAC for 
the removal of THM in the microgram per liter range is low, 
in 0.05 - 0.2% by weigh range, which will be reflected in 
actual applications by the rapid exhaustion of shallow beds 
of this adsorbent. 
Evaluation of Eight Adsorbents - A more detailed study on 
the removal of TllM by GAC was completed during the summer of 
1977. These tests were completed in the laboratory with the 
feed to each column being Louisville tap water. As such, 
the concentration of TllM in the influent stream to each 
column varied from day to day in a manner similar to whilt 
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TABLE 19 
MASS TRANSFER ZONE ~ARAMETERS FOR 
SEVERAL ADSORBENTS 
Characteristics of Mass 
Adsorbent ij, HMTZ 
(ft) 
Colurnibia LCK 0.5 0.7 
Filtrasorb 400 0.4 0.9 
Nuchar l'N-W 0.6 0.8 
.• c 
59 
Transfer Zone 
. 11-1TZ 
(ft/day) 
0.04 
0.03 
0. 1)2 
might be expected under actual plant-scale conditions. Eight 
adsorbents were selected for testing, seven of which were 
brands of GAC. Table 20 shows the adsorbents tested and 
associated ~1ysical properties. As noted, adsorbents from 
a variety of suppliers and source materials were included in 
this evaluation. 
The experimental design for this more comprehensive 
study is described in Table 21. This table lists the size, 
depth and amount of each adsorbent studies. Also described 
are the dimensions of the carbon columns, hydraulic para--
meters and mode of operation. The nature and frequency of 
samples collected to describe the performance of each adsor-
bent is given in Table 22. Each of the adsorbents in this 
study was specially prepared to avoid any possible air-
binding problems and initial backwashing. '!'he adsorbents 
were sifted to a 16 x 20 mesh size (except XE-340): Each 
adsorbent was then washed and dried to remove fines which 
might have otherwise clogged the column. Thereafter, appro-
ximately one-half meter of the pre-treated adsorbent was 
weighed. Before placing the adsorbent into its appropriate 
columns, the measured amount of adsorbent was boiled in 
deionized water to wet the pores of the adsorbent and to 
drive off trapped gases. The carl:ion slurries were allowed 
to cool to room temperature and then were carefully placed 
into the 2.54 cm diameter columns. Shortly thereafter a tap 
water line ,!as connected to the eight columns and the experi-
mental testing was commenced. 
An extremely voluminous quantity of data was collected 
during the course of this experiment. Parameters listed in 
Table 22 were collected for both the influent and effluent 
of each column. From this information breakthrough curves 
were prepared for chloroform, bromodichloromethane, total 
'fHM, chlor inc, NV'fOC and Tl!M precursors. The cumula tivc 
amount of these parameters adsorbed by each of the eight 
adsorbents was calculated at various volumes of water treated. 
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TABLE 20 
PROPEltTIES OF ADSORBENTS STUDIEDa 
TYPE OF CARDON PURCHASED SOURCE APPARENT 
MESIJ SIZE MA'l'EHIAL DENSI'rYb 
Filtrasorb 400 12 x 40 Lignite 0.40 
Nuchar WV-W 12 x 40 Bituminous 
Coal 0.58 
XE-340 20 x 50 Synthetic 
Carbonaceous 
Resin 0.60 
Hydro car co 1030 10 x 30 Lignite 0.37 
Columbia.I.CK 12 x 28 Coal 0. 4 6 
Nuchar WV-'G 12 x 40 Bituminous 
Coal 0.44 
Barncbey-Chon0y 12 x 30 Nut Shell 0.50 
Witco 950 0 x 30 Petroleum 0.55 
a -
b -
c -
d -
Refer to Appon,Ux B for further information. 
llppilrcnt ,ion si ty has uni ts of qm/ cc. 2 Surface area, reported by manufacturer, m /gm. 
llvcragc value. 
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SURFACE 
AREl,c 
1125a 
850 
400 
650 
1200 
1100 
95or1 
1osoc1 
EY.?:::'.?..!:·:z~;:-;~ ?A? .. "\.V.Z':'Zit 
~Y?e o! ;..c~orbe~~ 
Size of ;..c::;o::::~e:"lt (~.esh) 
Size of ;,~$or:::e::-it (:-:.:-:\) 
;_~~~~t. o: ri~s0r=e~t (;) 
=~~':.~ o! ~~~~=~~~t (~) 
c~:·-1:7_--:, :::)i,=.:;-.,;!t~= (c::-.J 
:·:::.::e of Oi)era tion 
S~a tic Head {::1) 
:lo·.- l'o '.:e (l~~.;rn2) 
7e:-::;,c::-a':.:;.=e (O,:) 
S:.::.-:ace A::ea (::-.2/~) 
Ava. Su .. "a ,;2;~~~- ce Area/Vol-r.:e 
"' ,., 
TABLE 21 
EXPERIME!-!TAL SETUP OF Bc.NCl!-SCALE GRANULAR 
ADSORPTION INVESTIGATION 
coLU:-~ l 
Filt::::i'.!.SO!:'b 
400 
16 x 20 
l. 0 
111. 7990 
0.46 
2.54 
Do· . .;nflow 
Co:-it. 
l.33 
172.lS 
16-30 
1050-1200 
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COLUl'm 2 
Witco 950 
16 x 20 
1.0 
93.6567 
0.46 
2.54 
Do· ... ·:i.!low 
co~t. 
l. 33 
172.26 
18-30 
1000-1100 
422 
COLUI'~~ 3 
l';'t:.C:'l~r 
wv-w 
16 x 20 
l. 0 
119. 2045 
0.46 
2.54 
oownflow 
Cont. 
1. 33 
172. 26 
18-30 
850 
437 
COLUY,..'{ 4 
XE-340 
16 x 20 
0.6 
130.7500 
0.46 
2.54 
Down flow 
Co:i.t. 
l. 33 
172. 26 
18-30 
400 
226 
COLU'.1}1 5 
Hydrocarco 
1030 
16 x 20 
1.0 
89.2749 
0.46 
2.54 
Down flow 
CO!lt.. 
l. 33 
172. 26 
18-30 
650 
250 
COLU':·i...~ 6 
Colu;";ibia 
LCK 
16 x 20 
1. 0 
102.3760 
0.46 
2.54 
Down::low 
Cont. 
l. 33 
172.26 
18-30 
1200 
530 
co:..v:·:~ , 
Nuc:lar 
1·:V-G 
16 x 20 
1..0 
94.4699 
0.46 
2.54 
Do·.-.·n!low 
Cont. 
l. 33 
172. 26 
lS-30 
1100 
443 
co:::.::,:-; s 
Ba:-~-::!:iy-
C!":.c:1ey 
16 x 20 
1.0 
117.1716 
0. 46 
2.5~ 
:>o·,,:::.::o· ... · 
Co:1<;. 
l. 33 
172.26 
13-30 
900-lCCO 
~so 
TADLE 22 
SAMPLING PROGRAM FOP. BENCH-·SCALE GRANULAR 
ADSORPTIO"! DI\IES'1.'IGATIONS 
P J\.Rl\ME 'l'E R SAMPLE TYPE FREQUENCY REMARKS 
NV'l'OC Composite Daily, M-F 60 ml/day 
THHPT Composite Daily, M-F 60 ml/day 
pH Value Grab Twice Weekly 
Cl2 Grab Twice Weekly 
Temperature Grab Daily Inflow+ 
One Effluent 
Flowrate Daiiy Once Per Day 
TIIM Grab 3-4/Week Inflow Duplicates 
'rHM Grab Twice Weekly 
Effluents 
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'rhe Tll!-1 data was condensed still further with the results 
presented in Table 23. In essence, Tabl.e 23 contains most 
of the useful information derived from this study with 
respect to the TIIM adsorptive properties of these adsorbents. 
Included for each brand of adsorbent at three arbitracy 
breakpoints are: (a) the bed volumes passed; (b) the amount 
of CHC1
3 
adsorbed; (c) the amount of cuc1
3 
adsorbed per unit 
weight of adsorbent; and (d) the amount of cnc1
3 
adsorbed per 
unit volume of adsorbent. 
A new experimental adsorbent, XE-340, was included for 
evaluation in this study. This adsorbent has been designed 
specifically for the removal of small organic molecules, 
such as chloroform, and therefore may have certain advantages 
over GAC for the reinoval of trihalomethanes. As shown in 
Table 23, this adsorbent did not reach the 0.1 breakthrough 
point and, therefore, could not be compared directly with 
the other adsorbents tested. Pre-designed flowrate (See 
Table 21) could not be maintained thru the bed of XE-340 
with the gravity-flow system used in this experiment. Based 
upon the information in Table 23, the adsorptive properties 
of the various brands of GAC were classified into three 
qualitative categories - fair, average and good. It should 
be emphasized that the data listed in Table 23 are for a single 
study of one.water supply only. As such, it is conceivable 
for an adsorbent which is classified as "good'' in this inves-
tigation to be classified as ''average" or "fair" for another 
water source and vice versa. Until comprehensive testing of 
various brands of Gl\C is completed elsewhere, the transfera-
bility of the findings from this comparative evaluation to 
otlwr water supplies should not be attempted unless tests 
arc completed to justify such usage. 
Both Fil·trasorb 400 and Nuchar WV'-G were classified in 
the fair category for removing chloroform from Louisville's 
drinking water. Both of the adsorbents reached 90~ chloro-
form brcal~through about 4,000 bed volumes earlier than the 
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TABLE 23 
SUMt"l.'."\RY OF THE ADSORPTIVE PROPERTIES OF SEVERAL ADSOHl:11::r,l'l'S 
FOR THE REMOVAL OF CHLOROFORM 
c~=bo:1 Type 
Filt=aso=::, i:co 
~uchar r;·v-G 
t,'J.char h"il-tl 
Eyc=oca:-co 1030 
Col-..:..~!.a !.CK 
E=-:=,:ii:th=ouqh 
Poi:i':. 
0.10 
a.so 
C.90 
0.10 
0.50 
0.90 
0.10 
0.50 
G. 9 0 
0.10 
0.50 
0.90 
0.10 
0.50 
0.90 
Witco 950 0.10 
a.so 
0.90 
Ea=nebey-Cheney PC-l 0.10 
0. 50 
0.10• 
Dec! v·oluncs 
Tre-3. '..:.eC.:tl 
2,650 
5,700 
7,350 
2,300 
4,150 
7,200 
2, 30C. 
6,000 
12,700 
1,800 
6, 4 00 
13,800 
3,oon 
6,200 
11,500 
3,400 
8,000 
11,000 
3,000 
7,950 
15,000 
Chlorofo~rn Chlorof~r~ ~<l~orb~d Chloro~c~~ MGso=b~d 
AC.zorbcdb Height Adso::-b!:!n~c- Colu::i~ volu:::cd--
23.6 2.11 x 10-4 93.3 
58.7 5.25 x 10-4 24 5 
69.8 6.24 x 10-4 2n 
18.7 l.98 x 10-4 77 .9. 
32.3 3.42 x 10-4 135 
SL 5 s.4s x 10-4 215 
18.4 l. 54 x 10-4 76.7 
56.3 4.72 x 10-4 235 
95.8 8.04 x 10-4 399 
12.7 l.42 x 10-4 52.9 
57.l 6.40 x 10-4 238 
91. 7 10. 30 x 10-4 382 
26.5 .2.59 x 10-4 110 
64.5 6.30 x 10-4 269 
92.4 9.02 x 10-4 3c-"' 
44.l 4.71 x 10-4 lP.4 
107.l 11. 40 x 10-4 446 
115. 0 12.30 x 10-4 479 
19.8 1.69 x 10-4 8 2. 5 
76.2 6.50 ,,10-4 310 
120.0 10.24 x 10-4 517 
XE-340 (This resin did not reach 0.10 breakthrough and therefore could not be compared 
with the other adsorbents studied.)' 
a - 1 =:-ec ·.·ol::~e = O. 232 liters. 
b - ::i.illig!"a:::s. 
c - inilligrams/milligro.rr:s. 
d - groms/mctor3. 
* - ~ote that this is 70\ 
brcaktl1:ouqh~ net 90~. 
other adsorbents tested. ~10 adsorbents were also compared 
-based upon the amo,1nt of chloroform adsorbed at various 
breakthrough points. Here, too, Filtrasorb 400 and Nuchar 
WV-G had inferior performance records with neither adsor-
bent removing over 70 mg of chloroform at 90% breakthrough. 
These observations indicate that in treating Louisville's 
drinking water both Filtrasorb 400 and Nuchar 1qv-G have 
lower adsorptive capacities for chloroform removal and, 
therefore, would need to be regenerated more frequently in 
comparison to the other brands of GAC tested. 
Three adsorbents were denoted as average in their ability 
to continually remove chloroform from drinking water. 
Included were Nuchar WV-W, Hydrodarco 1030 and Columbia LCK. 
With regards to the quantity of water treated, all three 
adsorbents were within a 2,000 bed volume range of one another. 
Hydrodarco 1030 was the best performer in this regard having 
treated 13,800 bed volumes at the 90% breakthrough point. 
However, all three adsorbents were rernarkedly similar in terms 
of the amount cf chloroform adsorbed at this same break-
through point. Cumulative amounts of chloroform removed were 
91.7,· 92.4 and 95.8 g for Hydrodarco 1030, Columbia LCK and 
Nuchav WV-W, respectively. The performance characteristic~ 
of these three adsorbents is clearly superior to that indi-
cated for Filtrasorb 400 and Nuchar WV-G. 
The last group of adsorbents were those classified as 
good for the removal of chloroform. These included Witco 
950 and Barnebey-Cheney PC-1. The latter carbon was the 
best performer on a bed volume treated per unit time basis 
having treated 15,000 bed volumes at the 70% breakthrough 
point. In comparison, Witco 950 treated 11,000 bed volumes 
at the same point of breakthrough. With regards to their 
adsorptive properties, both Barnebey-Cheney PC-1 and Witco 
950 cxhibi ted a superior characteristics than the other 
five brandi; of GAC tested. J\t the 50~. breakthrough point 
the amounts of cl1loroform adsorbed were 76.2 and 107.1 mg, 
GG 
respectively. l\.s shown in Table 23, the experiment was 
terminated before Barnebey-Cheney PC-1 reachcad the 90% 
breakthrough point. However, the cumulative amount of 
chloroform adsorbed by this GAC at the 70% breakthrough 
point was 120 mg (See Table 23). In comparison, it is 
estimated that Witco 950 adsorbed about 110 mg at this 
breakthrough point. 
In summary, all seven brands of GAC tested were capable 
of reducing chloroform levels by more than 95% at the start 
of the experiment. Over the two month period o'f testing, 
however, the adsorbent varied markedly in their ability 
to remove THM from Louisville's drinking water. Barnebey-
Cheney PC-1 was overall the best performer when 90% break-
through was tolerated, whereas Witco 950 had superior adsorp-
tive properties at the 50% breakthrough point. 
PLANT-SCALE TREATMENT STUDIES 
Field tests were made at a water utilities in 
Kentucky to ascertain the efficiency of in-plant changes on 
the amount of Tl-IM in finished water. Similar studies were 
also done at another utility which employs GAC adsorption 
in its treatment plant. The overall intention of the 
latter investigation was to define the approximate on-line 
time and performance of a GAC filter for removing trihalo-
methanes. Significant findings from these field tests are 
described in Table 24. The reader is referred to several 
recent publications which contain further details on the in-
plant modifications described in Table 24 (Hubbs, et al., 
1977; Zogorski, 1977; and Zogorski, et al., 1977). 
In-Plant Modifications to Treatment Processes 
Several comprehensive field investigations were com-
pleted at a surface water treatment plant to demonstrate 
that reduction in TllM levels can be accomplished by modifi-
cations to chlorinatioh practic~s. This water utility draws 
its rnw water from the Ohio River. The rmv water is then 
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Date 
10/18/77 
11/11/77 
11/19/77 
11/25/77 
12/1/77 
12/9/77 
12/13/77 
a - Units 
TABLE 24 
CHLOROFORM LEVELS AT A UTILITY 
EMPLOYING GAC FIL'l'ERS 
Influenta Efflucnta 
32 2 
56 G 
26 14 
30 lG 
20 10 
16 16 
18 12 
are pg/1. 
GO 
Effluent 
Influent 
0.06 
0.11 
0.54 
0.53 
0.50 
1.00 
0.67 
settled in large reservoirs for a period of approximately 
24 hours. Historically, breakpoint chlorination was accom-
plished in the influent w~ll of the pre-sedimentation basin. 
Effective February, 1976, the continuous addition of chlo~ 
rine at the head of the settling reservoir was discontinued 
as a means to reduce the amount of chloroform in finished 
water. A shock dosage of 40 LBS/MG of chlorine is added 
once per month at this location, however, to control biolo-
gical growth within this basin. 
Pre-settled water is fed via gravity to chemical coagu-
lation, The flowrate to each of the coagulation units is 
monitored via venturi meters. Aqueous chlorine is fed at 
this point and shortly thereafter alum and polymer are added. 
Design retention times for flocculation and settling are 
30 minutes and 6 hours, respectively. Coagulated water is 
then fed into a softening system consisting of several floc-
culation-sedimentation trains. A simple lime softening 
process is utilized to treat the influent water when the 
hardness exceeds 140 mg/1. During softening the pH value 
is raised to 10.0 and is held at this level for about 6 hours. 
The chemical stability of water leaving the softening basins 
is controlled by adjusting the pH value with lime when sof-
tening is not utilized or by adding gaseous carbon dioxide 
when softening is necessary. A saturation index of 0.2 
usually requires that the water leaving the treatment facility 
has a pH value of 8.5. Following the softening system, wate~ 
is applied to dual-media filters rated at 3 gpm/ft
2
. The 
filtration media consists of 24 inches of sand topped with 
6 inches of anthracite. Backwashing is necessary once every 
60 hours. Chlorine and fluoride are added to filtered water 
at the influent to the clearwell. Typically, a chlorine resi-
dual of 1.8 mg/1 free and 0.2 mg/1 combined is carried into 
the distribution system. 
Movement .in Point of Prc-Chlori.n.it.i.on - The addition of 
chlorine periodically at the head of the pre-sedimentation 
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basins affords the opportunity to quantify the effect 'rIIM 
levels of moving the point of chlorination farther back into 
the treatment system. Movement of the point of pre-chlori-
nation to the head of chemical coagulation, instead of at 
the influent to the pre-sedimentation reservoirs, reduces 
the contact time of chlorine:, in the pl.ant by about 24 hours. 
Also, chlorine is now added to a higher quality water con-
taining lesser amounts of suspended matter, which in turn 
results in lower chlorine dosages being applied at the head 
of coagulation to obtain the same bacteriological quality. 
As described previously (page 13), alterations to the chlo-
rination practice such as those just described are expected 
to reduce the concentration of THM present in finished water. 
The magnitude to which THM levels were reduced by 
moving the point of pre-chlorination was determined from two 
field studies. The first investigation was completed in 
October, 1976 and the second in March, 1977. Analysis of 
the data collected during these two studies suggests that 
moving the point of pre-chlorination has reduced the concen-
tration of CHCl.
3 
(and therefore total trihalomethanes) in 
finished water by as much as 40-50%. Similar but less pro-
nounced data are evident for CHC1 2Br. In conclusion, it is appa-
rent that the change in pre-chlorination was indeed warranted 
and has had a positive impact in reducing THM levels in 
finished water at this water utility. 
Elimination of Free Chlorine During Precipitive Softening 
As a means of further reducing T!IH in finished water at 
this utility, studies were initiated in October, 1977 to 
quantity the impact of eliminating free chlorine during pre-
cipitivc softening. Prior studies at this water treatment 
plant clearly showed that as much as 50t of the chloroform 
in finished water was formed in the softening basins due 
to the presence of free chlorine and elevated pl! values. 
As such, the possibility of dirninishinc1 the level of 'l'IIM 
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in tap water by stopping the 'rllM reaction at the head of tlw 
softening process appeared promising and potentially signi-
ficant. To test this hypothesis, ammonia was fed at the 
head of several of the softening trains in an attempt to 
convert free chlorine, which was carried over from the che-
mical coagulation basins, to combined chlorine prior to 
raising the pH value into the 10.0-10.5 range. Several 
softenign trains were operated without ammonia addition and, 
therefore, servedas controls in this study. After reaching 
steady-state conditions1 water samples were collected from 
various locations within both the amrnoniated and non-amrno-
niated softening basins and subsequently analyzed for THM 
levels. The data show that the concentration of CHC1 3 and 
total THM in the softening train receiving ammonia remained 
relatively constant as water passed through the slow-mix and 
settling basins. In contrast, CHC1 3 and tot.al THM levels 
showed a definite increase as water moved through the treat-
ment basins not receiving ammonia. That is, the formation 
of THM within the softening basin receiving NH3 was nearly 
stopped, whereas the control basins continued to show 
increasing levels of THM illustratirig that the Tl-IM formation· 
reaction was on-going. 
The reduction of THM levels attributable to the anunoni-
ation process was determined by comparing THM levels in ammo-
niated and non-ammoniated samples. Results showed the fol-
lowing average reductions over a 7-d~y s&mpling period: 
CHC1 3 
28 µg/1 
CHC1 2Br 
8 µg/1 
CJIC1Br 2 3 
µg/1 
'l'otal THM 37 µg/1 
That is, the softening basins receiving ammonia 
exhihited considerably lower TIIM levels. In summary, the 
addition of ammonia at the head of the precipitive softenjng 
process was capable of stopping the TllM formation reaction 
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and thereby reducing the concentration of TllM in finished 
wnter. l\mmoniation as indicated reduced the level of THM in 
finished water by about 331, in comparison to when this plant 
wns maint~ining a free chlorine residual during softening. 
Granular Activated Carbon Filter 
The effective life of granular carbon filters in removing 
THM under plant scale conditions was determined by studies 
completed at a water treatment plant where conventional rapid 
sand filters have been converted to granular activated car-
bon filters. The carbon filters were originally installed in 
1970 as a means of eliminating taste and odor problems. In 
the Fall of 1977 the old carbon media was replnced with about 
30 inches of Filtrasorb 300 GAC. The research team observed 
the changeover process and were permitted t~ collect aliquots 
of filtered and non-filtered water at various inter~als there-
after. In this manner, the adsorptive and breakthrough pro-
perties of Filtrasorb 300 were determined upon plant-scale 
operating· conditions. 
The raw water source for this water treatment plant is 
a medium size tributary to the Kentucky River. Treatment at 
this facility is conventional, with the exception of GAC 
filters. Raw water is pumped up to the plant where it is 
_pre-chlorinated. Copper sulfate is added occasionally as an 
algicide. Alum and lime are added next and mixing occurs 
in the pipe l~nes leading to a sing\e flocculation basin. 
From the flocculation basin, water flows to one of two sedi-
mentation basins. After settling, fluoride is added and the 
flow is split to four GAC filters. Once filtration through 
GAC has been accomplished,_ the water flows to a clearwell 
where soda ash and chlorine are added. 
A number of trihalomethane ('l'IIM) samples were taken at 
the changeover and a field sampling program was completed. 
Influent aml effluent Si.!mples to the new filters were takc:n 
immediately after installation. Three weeks after this, the 
team returned and left a number of sarnple bottles such that 
72 
that plant operators could sample the filters on a weekly 
basis. Table 24 summarizes the results of chloroform data 
collected in association with this survey. As shown, the 
granular activated carbon filters operated for almost 6-8 
weeks before becoming exhausted for chloroform removal. 
This finding is in agreement with data reported previously 
by EPA and other field investigations. Specifically, the 
adsorptive capacity of commercial brands of activated carbon 
is quite low, in the order of 0.05-0.2% by weight and, 
therefore, frequent regeneration will be needed when this 
adsorbent is used in conventional filter boxes (depth of 
about 30 in). The regeneration cycle can be lengthened, of 
course, by operating these units at lower surface and organic 
loading rates, by increasing the depth of adsorbent, by opti-
mizing the environmental factors affecting the adsorption 
process, and by an integrated combination of the three prior 
methods. The regeneration cycle could also be extended 
by installing new carbon contactors with depths of 20-30 
feet, although the capital cost of such installations may 
be prohibited in many circumstances. 
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CONCLUSIONS 
Based on the findings of this investigation the fol-
lowi.11g spc,c i.f ic con cl uc, ions arc made: 
Factors A~fectinq the Formation of Tri.halomethanes 
1. Increased chlorine dosage was found to enhance the con-
centration of cnc1 3 and total ~·HM formed. In contrast, 
the quantity of CHC1 2Br produced was independent of the 
level of chlorine added. 
2. Total TllM, CHcl 3 and Cl!Cl 2Br concentrations were all 
increased with increased contact time between free 
chlorine and precursors present in settled Ohio River 
water. 
3. Both laboratory and field monitoring studies illustrated 
that higher water temperatures promote increased for-
mation of CHCl3. Levels of CHCl3 formed from Ohio River 
water were highly correlated with water temperature 
(R > 0.90). The dependence of CHCl3 potential was found 
to be about 1.0-1.4 µg/1 per °F. The temperature depen-
dence of CllCl2Br was considerably less in the order of 
about 0.2 µg/1 per op, 
4. Increased levels of CHC1 3 were produced as the pH value 
of Ohi.o River water increased. A direct linear relaticn-
ship was found betHeen the amount of CllCl3 formed and the 
pH'value with a rate of change.of about 40 µg/1 per pH 
unit. The calculated correlation coefficient was> 0.99. 
The potential to form CIICl2Br upon chlorination was maxi-
mized in the 7-9 pl! value range with a gradual dropoff 
on either side of the above range. 
5. Precursor compounds remained in Ohio River water even 
after a 21 day storage time attesting that these com-
pounds are extremely stable in natural waters. 
6. Chemicals used at water trcabnent plants in the concen-
tration ra11ge normally dosed did not ~ontribute signi-
fic~1nt amounts of 'l'l!M upon chlorination. As such, the 
observed levels of 'J'IIM in finished Wilter result almost 
excl rn;ive ly from chlorine reacting w.i th precursors 
present i.n ni1tural waters. 
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7. The GC-LSC methodology for measuring the levels of 
trihalomethanes in drinking waters was reproducible and 
completely satisfactory for concentrations exceeding 
about 5 µg/1. 
B. A modest positive correlation was observed (R = 0.67) 
between the total 1'1-IM content and chlorine demand -for 
the 15 utilities sampled. 
9. Water utilities which use ground water as their water 
supply were found to contain the lowest level of THM, 
whereas surface water supplies containing high concen-
trations of turbidity and/or color contained the highest 
concentration of THM. Five of the twelve plants that 
used a surface water supply contained total THM levels 
above the 100 µg/1 drinking water standard recently 
issued by EPA. 
Bench-Scale Treatment Studies 
10. In a simulated treatment study it was found that the 
CHC1 3 potential of filtered coagulated water was only 
66% of that found for untreated Ohio River water. The 
unit treatment operation of sand filtration was found 
to be a significant factor in the removal of precursors 
indicated above. 
11. The most pronounced reduction in CHC1 3 potential of four 
treatment systems studied was obtained with a fixed-bed 
filter of granular activated carbon. The GAC filter was 
very efficient in removing precursors present in Ohio 
River water and thereby lowered the CHCl3 potential into 
the 10-30 µg/1 range. Collectively, the treatment scheme 
of pre-sedimentation, chemical coagulation, flocculation, 
settling, sand filtration, and GAC filtration removed 
better than 95% of the precursors present in a surface 
water supply. 
12. Both alum and polymer were capable of reducing the po-
tential of untreated Ohio River water to form CllCl3 and 
other TJlM, o.lthough the magnitude of co.ch coaqulants 
effectiveness varied with coagulant dosage. Unfortu-
nately, however, large dosages of either alum or polymer 
are required to obtain substantj_al precursor removals. 
The pll value range 6-8 was found to be optimum for the 
removal of precursors via alum/polymer coagulation. 
13. A detailed experiment for delineating the associution 
of precursors with pc1rticle size distribution showed 
that ((or Ohio River water collected on 11/4/77) 85\\ 
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of the CIIC1 3 and tot;:tl. T!IM potentials was associated 
with fine colloidal and dissolved matter, with the 
remaining 15% associated with settleable and non-
settleable suspended solids. Between 25-35% of the 
precursors associated with dissolved matter were 
removable via chemical coagulation, flocculation and 
sedimentation. Presumedly, further precursor removal 
could be accomplished by good filtration practices. 
14. Witco 950 and Barnebey-Cheney granular activated carbons 
exhibited superior adsorptive properties for the removal 
of 'l'HM in comparison to several other brands of adsor-
bents. A short mass transfer zone was found (< 1.0 ft.) 
for all of the adsorbents tested. Nuchar WV-W, Hydro-
darco 1030 and Columbia LCK all exhibited similar adsorp-
tive properties; measurably below that for Witco 965, 
however. The adsorptive capacity of GAC for chloroform 
was quite low, in the order of 0.05-0.12 percent by 
weight and, therefore, frequent regeneration of the 
adsorbent will be required if shallow beds of GAC are 
used to treat drinking watres. 
15. Ozonation was effective in reducing the CHCl3 potential 
of pre-settled water. An ozone dose of 6-8 mg/1 resulted 
in a 50% reduction in the CHC1 3 potential. It should be 
noted, however, that a large fraction, if not all, of the 
above indicated removal currently occurs via chemical 
coagulation and precipitive softening. This latter 
observation was apparent from ozone's inability to influence 
the CllC1 3 potential of coagulated and softened waters. 
16. Neither ozone or chlorine dioxide in conventional dosages 
were effective in oxidizing trihalomethanes. 
17. Powdered activated carbon (PAC) removed some, but certainly 
not all, of the precursors associated with the formation 
of THM. Dosages of PAC above those frequently used for 
taste and odor. control will probably be required to 
effec·c significant precursor removals. For example, in 
a single experiment, a 50 mg/1 dosage of PAC was required 
to obtain a 50% reduction in the potential to form 
chloroform. 
Plant-Scale Studies 
18. Based upon two detailed studies, it was concluded that 
moving the point of chlorination from the head of pre-
sedimentation reservoirs to the l1ead of the coagulation 
process significantly reduced the concentration of CHCl3 
in finished water. A 40-SOi reduction was indicated in 
each of the two field studies. 
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19. l\mmoniation at the hcil.d of precipitive softening 
ce<1sed the TJN formil. tion react ion and mcirkedly reduced 
the level of Tl!M in softened water. l\vcrage reductions 
in TUM concentrations due to ammoniation were: 
CI1Cl3 
CHCl2Br 
CIIC1Br2 
Total THM 
28 \Jg/1 
8 11 g/1 
3 µg/1 
37 µg/1 
20. An in situ investigation of a JO-inch fixed-bed filter 
of granular activated carbon showed that such a unit 
could remove chloroform for between 6-8 weeks before 
regeneration would be needed. This short on-time 
is a direct result of the low adsorptive capacity of 
GAC for chloroform. 
77 
REFERENCES AND BIBLIOGMPIIY 
Anderson, C.F., and Maier, W.J., ''Organic Carbon Contents of 
Water Supplies'', paper no. 22-4, p. 1-8, proceedings of 
The American Water Works Conference (1976). 
Anon., "Assessment of Health Risk from Organics in Drinking 
Water", Hazardous Materials Advisory Committee, Science 
Advisory Board, U.S.E.P.A., Washington, D.C. (1975). 
Anon., Suryey of Organics and Inorganics in Selected Drinking 
Water Supplies, EPA, Region V, Joint Federal/State 
Report, June 1975. 
Anon., (1975), Preliminary Assessment of Suspected Carcinogens 
in Drinking Water - Interim Report to Congress, United 
States Environmental Protection Agency, ~lashington, D. C. 
Anon., (1976), ''EPA Proposal on Control Options for Organic 
Chemical Contaminants", Federal Register, Volu_me 4, 
pp. 28991-28998. 
Anon., (1976a), Report on the Carcinogenesis Bioassay of 
Chloroform, National Cancer Institute, Bethesda, Maryland. 
Babcock, D.B. (1977), "Chlorination and Coagulation of Humic 
Fulvic Acids", paper presented at 97th Annual American 
Water Works Association Conference, Anaheim, California. 
Bauma1m, E.R., and Ludwig, D.D., "Free Available Chlorine 
Residuals for Small Nonpublic Water Supplies", J.AWWA, 
54(11):1379-1388. 
Bellar, T.A., and Lichtenburg, J.J., "Determining Volatile 
Organics at Microgram-per-Liter Levels by Gas Chroma-
tography", J .l\lvWA, 66 (12): 739-744 (1974). 
Bellar, T.A., Lichtenberg, J.J., and Kroner, R.C., (1974), 
"The Occurrence of Organohalides in Chlorinated Drinking 
Water", Journal American Water Works Association, 
Volume 66, pp. 703-706. 
Boettger, J. , Hess, A., Shervin, E. , Coyle, J. , and Joshipura, 
P., "Trace Organic Removal by Activated Carbon ~nd Poly-
meric Absorbe11t for Potable Water'', proceeding of the 
American lfater Works Conference, p. 1-14 (1976). 
Bunn, W.W., llao.s, B.B., Deane, E.R., and ;(leap.fer, R.D., 
"Formation of Tril1alomctha11es by Chlorino.ti.on of Surface 
Water", E11viro11mcntal Letters, Vol. 10 (3), pp. 205-213 
(197'.,). 
78 
Christman, R.F., Johnson, J.D., llaas, J.R., PFaender, F.K., 
I,iao, W.T., Norwood, D.L., and Alexander, 11.J., 
"Nvtural and Model Aquatic llumics: Reactions with 
Chlorine'', proceeding of the Water Chlorination: 
Environmental Impact and Health Effects Conference, 
Gatl~nburg, Tennessee (1977). 
Clark, R.M., Guttman, D.L., Crawford, J.L., and Machisld., 
J.A., (1976), Interim Treatment Guide for thG Control 
of Chloroform and Other Trihalomethanes - Appendix 1 -
The Cost of Removing Chloroform and Other Triha.lomethanes 
from Drinking Water Supplies, United States Environmental 
Protection Agency, Cincinnati, OH. 
Dowty, B., Green, L., and Laseter 
Gas Chromatographic Procedure to 
Organics in Water and Biological 
Communication, p. 1-8. 
, L., "An Automated 
Analyze Volatile 
Fluids'', Privileged 
Farrah, S.R., Goyal, S.M., Wallis, C., and Shaffer, P.T.B., 
"Characteristics of 1-lumic Acid and Organic Compounds 
Concentrated From Tap Water Using the Aquella Virus 
Concentrator", Water Research, Vol. 10, pp. 897-901 
(1976). 
Grigoropoulos, S.G., Bunch, R.L., Jenkins, D., Pogge, F.W., 
Symons, J.M., Johansen, N., Smith, J.W., and Willey, 
B.F., "Organic Contaminants in Water Supplies", Journal 
of American Water Works Association Conference, Vol. 67, 
p. 418-425 (1975). 
Hansen, R.E., "The Costs of Meeting the New Water Quality 
Standards for Total Organics and Pesticides'', paper nc. 
27 b-i, proceeding of the Ame'rican Water Works Associ-
atio11 Conference, p. 1-29 (1976). 
Har.ms, L.L., and Looyenga, R.W., "Obtaining Water Stability 
and llaloform Reduction in the Lime-Soda Ash Softening 
Process", Privileged Communication (] 976). 
Harms, L.L., and Looyenga, R.W. (1977), "Chlorination Adjust-
ment to Reduce Chloroform Formation'', Journal American 
Water Works Association, Volume 69, pp. 258-263. 
Hoehn, ·R.C., et al., "Trihalomethanes and Viruses in a Water 
Supply", J. Env, Eng. Division, Proceeding of the 
A. S.C. E. 103 (EJ::5): 803-814 (1977). 
Hoehn, R.C., Goode, R.P., Randall, C.W., and Shaffer, P.T.B., 
"Chlori11atio11 and Waler Treatment for Minimizing Tri-
J1alomcthancs in Drinking Water'', Proceeding of tl1e Water 
Chlorination: En\'.i ronmcntal Impact and llc,1lth Effects 
Conf crcncc, Gatlinburg, 'l'crnwsscc ( 19 7 7 ), 
79 
Hubbs, S.J\., "The Oxidation of Haloforms and !Ialoform Pre-
cursors Utilizing Ozone", Proceedings, International 
Ozone Institute Workshop on Ozone and Chlor1ne Dioxide 
Oxi2fot· . .ion Products, Cincinnati, Oll, (to be published), 
November, 1976. 
Hubbs, S.J\., Zogorksi, J.S., l'lilding, D.J\., Arbuckle, A.N., 
Kochert, T.L., Allgeier, G.D., and R.L. Mullins, Jr. 
(1977), "Trihalomethane Reduction at the Louisville 
Water Company", proceeding of the Water Chlorination: 
Environmental Impact and Health Effects Conference, 
Gatlinburg, TN (1977), 
Kinman, R.N., and Rickbaugh, J., "Study of In-Plant Modifi-
cations for Removal of Trace Organics from Cincinnati 
Dr.inking Water", Final report to Cincinnati Water Works, 
Cincinnati, 011 (1976). 
Kissinger, L.D., and Fritz, J.S., "Analytical Notes - Anal-
ysis of Drinking Water for Haloforms", Journal of the 
American Water Works Association, Vol. 68, pp. 435-436 
(1976) , 
Love, O.T., Jr., (1975), "Treatment of Drinking Water for 
Prevention and Removal of Halogenated Organic Compounds", 
paper presented at 95th Annual hmer.ican Water Works 
Association Conference, Minneapolis, Minnesota. 
Love, O.T., Jr., (1976), "Treatment for the Prevention or 
Removal of Triha.lomethanes in Drinking Water", Appendix 
3. to "Interim Treatment Guide for the Control of Chloro-
form and Other Trihalomethanes, U.S. EPA, Cincinnati, OH. 
Lovett, D.R., and McMullen, L.D., (1977), "Formation of 
Trihalomethanes in a Lime Softening Water Plant'', paper 
presented at 97th Annual American Water Works Associ-
ation Conference, Anaheim, California. 
Morris, R.L., and Johnson, L.G., (1976), "Agricultural Runoff 
as a Source of Halomethanes in Drinking Waters'', Journal 
American \'later lvorks Association, Volume 68, pp. 492-494. 
Morris, J.D., and Baum, B., "Precursors and Mechanisms of 
llaloform Formation in the Chlorination of Water Supplies'', 
prdcecd.ings of the Water Chlorination: Environmental 
Impact and Health Effects, pp. 1-28, (1977). 
Mackay, D., Shiu, W.Y., and Wolkoff, A.W., "Gas Chromato-
graphic Dctcrminc1tions of Low Concentrations of Hydro-
carbons in Water by Vapor Phc1se Extruction", Water 
Quality Por:1metcrs, AS'l.'M STP '.i 73, Amcricun Society for 
Testing and Materials, pp. 251-258 (1975). 
80 
Medlar, S., ''The Costs of Meeting New Water Quality Stan-
dards - Organics and Pesticides'', paper no. 27b-ii, 
proceedings of Annual American Water \vorks Association 
Conference, pp. 1-8 (1976). 
McCarthy, .. P.L., and Argo, D.G., "Organics Removal by Advanced 
Wastewater Treatment", proceedings of the Annual American 
Water Works Association, pp. 1-28 (1977). 
Narkis, N., and Rebhun, M., "Sloichiomctric Relationship 
Between Burnie and Fulvic Acids and Flocculants'', Journal 
of the American Water Works Association, Vol. 69, 
pp. 325-328 (1977). 
Noack, M.G., and Doerr, R.L., "Reactions of Chlorine, Chlo-
rine Dioxide and Mixtures Thereof with Humic Acid", 
preceedings of Water Chlorination: Environmental Impact 
and Health Effects, pp. 1-14 (1977). 
O'Connor, J.T., Badorek, D., and Popalisky, J.R., (1977), 
"Design, Construction and Operation of Pilot Plant for 
Removal of Organics from Missouri River Water", paper 
presented at 97th Annual Arnerican Water Works-Association 
Conference, Anaheim, California. 
Reinhardt, A.W., Spath, 
Water, and Health: 
Works Association, 
Richard, ,J. J. , and Junk, 
.Rapid Determination 
69 (1): 62-64 (1977). 
D.P., and Jopling, W.F., ''Organics, 
A Reuse Problem", J. Americ2n \"later 
Vol. 67, pp. 477-480, (1975). 
G.A., "Liquid Extraction for the 
of Halomcthanes in Water", J .AF/WA, 
Robeck, G.G., "Evaluation of Activated Carbon", U.S. Environ-
mental Protection Agency Report, Cincinnati, OH (1975). 
Rook, J.J., (1974), "Formation of Haloforms During Chlori-
nation of Natural lvaters", Journal Water Treatment 
and Examination, Volume 23, pp. 234-243. 
Rook, J.J., (1975), "Formation of and Occurrence of llaloforms 
in Drinking Water'', paper no. 32, proceeding of 95th 
Annual Conference of AWWA, Minneapolis, Minnesota. 
Rook, J.J., (1976), "Haloforms in Drinking l·later", Journal 
American Water Horks Association, Vol. 68, pp. 168-172. 
Riley, T.L., ct al., "'l'hc Effect of Prc-Ozonation on Chloro-
form Production in the Chlorine Disinfc,ct.ion Process", 
Dept. of Environmcnt.:11 and Indu:-;t.ri~1l. llcu.lt.h, School of 
Public Ilea l th, llnivcrsi ty of Michi9,111, l\nn Arbor, 
Michi9,111 48109. 
81 
Saunders, R.A., Kovacina, T.A., Lamontagne, R.A., Swinnerton, 
J.W., and Saalfeld, F.E., ''Identification of Volatile 
Organic Contaminants in Washington, D.C. Municipal 
Water", \·later Research, Vol. 9, pp. 1143-1145 (1975). 
Smith, J.D., Zagorski, J.S., Wilding, D.A., and Aruckle, A.N., 
(1977), "An Evaluation of Granular Activated Carbons and 
Synthetic Resin for Reducing the Content of Trihalome-
thanes in Drinking Water", paper presented at 97th 
Annual American Water Works Association Conference, 
Anaheim, California. 
Stevens, Alan A., et al., Chlorination of Organics in 
Drinking \·later, Proc. Environmental Impact of Water 
Chlorination Conf. of Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, EPA(1976), p. 85. 
Stevens, A.A., Slocum, C.J., Seeger, D.R., and Robeck, G.G., 
(1976), "Chlorination of Organics in Drinking Water", 
Journal American Water Works Association, Vol. 68, 
pp. 615-620. 
Stevens, A.A., and Symons, ,T.M., "Appendix 4, Interim 
Treatment Guide for the Control of Chloroform and Other 
Trihalomethanes", Water Supply Research Division 
M.E.R.L., Cincinnati, OH (1976). 
Stevens, A.A., Slocum, C.J., Seeger, D.R., and G.G. Robeck, 
"Interim Treatment Guide for the Control of Chloroform 
and Other Trihalomethanes - Appendix 2 - Chlorination 
bf Organj_cs in Drinking Water", U.S. EPA, Office of 
Research and Development, Cincinnati, OH (1976). 
Stevens, A.A., "Determination of Chloroform Formation Poten-
tial in Water", submitted for publication in J.AWT/IA 
(197G). 
Stevens, A.A., Symons, J.M., "Measurement of Organics in 
Drinl~ing l~ater Quality Conference, pp. XXIII-1 to 
XXIII-25, (Dec. 1973) Americ&n Water Works Association, 
Denver, Colorado (1974). 
Stevens, A.A., Symons, J.M., "Analytical Considerations for 
Halogenated Organics Removal Studies", Proceedings 
American \'later Works Association Water Quality Tech-
nology Conference, pp. XXVI-1 to XXVI-6, (Dec. 1974), 
American \'later Works Association, Denver, Colorado 
(1975). 
82 
Suffet, I.II., Radziul, J.V., Cairo, P.R., and Coyle, J.T., 
"Evaluation of the Capability of Activated Carbon and 
Resins to Remove Chlorinated and Other Trace Organics 
from Treated Drinking Water", preceedings of the Con-
ference - ''Water Chlorination: Environmental Impact 
and Health Effects", Gatlinburg, TN, pp. 1-22 (1977) 
Suffet, I. IL, and Radziul, J. V. , "Analysis of Organic 
Pollutants in Drinking Water'', preceedings of the· 
National Conference on Environmental Sensing and 
Assessment, pp. 1-7 (1975). 
Suffet, I.H., Brenner, L., and Silver, B., "Identification 
of 1, 1, 1, - Trichloroacetone (1, 1, 1, - Trichloro-
propanone) in Two Drinking Waters: A Known Precursor 
in Haloform Reaction", Environmental Science.and 
Technology, Vol. 10, pp. 1273-1275 (1976). 
Suffet, I.H., and Glaser, E.R., "A Rapid Gas Chromatographic 
Profile/Computer Data Handling System for Qualitative 
Screening of Organic Compounds in Waters at the Part -
Per - Billion Level", Privileged Commurrication, 
pp. 1-23 (1976). 
Symons, J.M., Bellar, T.A., Carswell, J.K, DeMarco, J., 
Kropp, K.L., Robeck, G.G., Seeger, D.R., Slocum, C.J., 
Smith, B.L., and Stevens, A.A., "National Organics 
Reconnaissance Survey for Halogenated Organics", Journa:1_ 
of American Water Works Association, Vol. 67, pp. 634-
647 (1975). 
Symons, J.M., "Interim Treatment Guide for the Control of 
chlo;:oform and Other Trihalomethanes", Water Supply 
Research Division, M.E.R.L., Cincinnati, OH, (1976). 
Symons, J.M., Robeck, G.G., "Treatment Processes for Coping 
With Variation in Raw-Water Quality", Journul of American 
Water Works Association, Vol.__£2, pp. 142-145 (1975). 
Symons, J.M., "Ozone, Chlorine Dioxide, and Chloramines as 
Alternatives to Chlorine for Disinfection of Drinking 
WaterO', Water Supply Research, U.S. Environmental 
Protection Agency, Cincinnati, Oil (1977). 
Young, J.S., Ji.·., (1977), ".Chloroform Formation in Public 
Water Supplies: A Case Study". paper presented at 97th 
Annual American Water Works Association Conference, 
Anaheim, CA. 
Zagorski, J.S., and Wildinq, D.A., (1977), An Investigation 
of the Occurrence and Removal oE Trnce Organics in 
Louisville Water Company's Drinking Water Supply and 
83 
Process Waters, University of Louisville, Speed Scien-
ti.fic School, Louisville, Kentucky. 
Zogorski, J.S., (1977), "Treatment Modifications· for the 
Removal of Trihalomethanes at a Municipal Water Utility", 
paper presented at 2nd Joint Conference of Chemical 
Institute of Canada/l11ner ican Chemical Society, Montreal, 
Canada. 
Zogorski, J.S., (1978), "The Occurrence and Removal of Tri-
halomethanes in L.W.Co.'s Process and Drinking Waters", 
Final report submitted to Louisvlle Water Company, 
Louisville, Kentucky. 
Zogorski, J.S., Hubbs, S.A., Wilding, D.A., Arbuckle, A.N., 
Allgeier, G.D., and R.L. Mullins, Jr., (1978), "Modifying 
Water Treatment Practices for the Removal of Chloroform 
and Other Trihalomethanes - A Case Study'', paper sub-
mitted for publi-ation in proceedings of Third World 
Congress, Sao Paulo, Brazil. 
!l 4 
Ul~IVEJtSITY OF LOUISVILLE 
LOUISVILLE, Kl·:NTUCKY 40208 
~PE~'n Sf11"NTIT;IC ~ClHlOL 
JA~.!:.s nar.c::i..:~~1·.10·:;E ~ri:ro r:JUNDATION 
OlVl !tOI :i,:E:rr AL 1.:;GJ NU:J'.ING 
O~orgc D. Tulgci.cr 
D?.2t. of Ch-crnical & 
l:.'nviron;r.c,ntol En'.jirvx:ring 
Spec<l Sci.CJ1tific SCiXJl 
Univcrsit.y of L.-:,uisville 
I.ouisvillc, I(Y 40203 
A not:icn ,·;;,s passed at the li!st annuc1l rrecting of th::! Kc.,h:d<y--
Tc-.rir:es£80 cc~tl.0.1. of It.,::r\l\, Cl1utt2r1o~ra, 'Il'J I t2":!1dorsing a sL.1.t.e·-\?iC2 
~.)lil:;; lJT.(:::Jf:c:..J""f1 for th:.~ p::-2sr.?nc ... ~ of cl,loroi'o.rin an<J otl12r trih:::.larctl1a1l3~ 
il1 \·r.:1.t2.:" Eu=-:.~J.iss S8.l.Vir1g JCc.rrluc-J~y Cl.!} . ..1 ·r~-:1u·:::~ssi)e. In ccr1jur~cticrt ,,~i1cY1 a 
pr·oj~!Ct m,;:--,.--OI.tri] bj' t.}19 IZe.11tuci~ \'l,:1tr:.r R8Wl)::-CC!J l~~S(;,3._l~("J1 In::'cit1..1t.2 ['.!!d 
,t111::1:!r ti:'3 dil:c~tio!'l of D):-. ,Jol1J1 S. Zo:]Ors1-~i, tv·_;~;istar.t 1~1.-u!:\::!:-::.:;or oi: 
)~ ' ' 1 ' . ' U . . ' .. . · 11 J'. .. --' . !..!i\'ll"Cr::-:.~r1..:2. ~~'1;1:1122ring nt ti:3 111\rc.rs1·c~/ ot l.CUlS\11. e, .- l.!f,1 C\.1t:~H; ...... c.:_r(J 
just s.i::h a :,.,rrv:,y to determine trcn:ls in trihalcm2thune lc,rels o:.ong 
var.1.ous s::hc.nca :if \Gter trci.ltnr.nt. 
'f.12.refo_rc,, it \·,oulu b:: very helpful if l were allu,;c<l to tom: ,md 
roll.:..'-Ct r'..:i:-:::-l0s a.t 1-ou1~ \..,Tate!: facil:i.t.~l • PJ.c:c1se 11~)-tif}, 1..1'1 J?~:ii:)r to :,·ul)' 2::, 
1977 
1
ir::1).c;i1: j 11::; r.--:!1r-'t:J-:~1: or r:r..)t j'Oll v;,:u.ld li}:e to f•:l.'?...'tiCi?,'2-t:rJ cJ"t,:1, if f.-:::-:-.-
sil1le, ir.1clt.'..:\1 a l)rief de .. =:cr.i.ptiorl c:·f tJ1c tt-f!{rCTr·nt tl;J.t. )'O~rr l,;Z!t.c.r rc~-::i,·2~3. 
l)lr.:.'.°15'3 f0cl free to \·n:itc or c:.::11 1:-.::? ell:. th1-~ 2:i:.=c::-;::1 ~;iv,:::.i1r if you 
11~'"'.-n I'"'"' __.. . .-,~~-~C ... ,.. ,~hr'cl ,._.,. ).•·~ f c·1r -, -.J.y,~i{"' r''o- ,~-,,..- ,~c-i".'"·.-.·_-,y-.1,-~ ..... J)
1-···1f-uv..__ ,;iJ ""-j._ ..... ,,._.;..}l,,:,. l t,:; .i..:;..;.:,U. ..... 0 0 1. d.lc.., . ., ... .:J .__ •• "-'··'"- .l.'----'!'._;~\..-1,.\\.. _ ·-·~1 ... 
\,;ill }:,:J fC>D,·,1rc:~-:J t.o yot1. 1~u1:th~r, tJ:c i{!•.:11tit~{ of c=:-~c}1 .i.nCl.i,ric:tnl ,.-.-J.t:c): 
'·i\";~'-?"'':""1t C::t.'""v,,,)-"'y ltn'1 J• J-r.~ ,.C'"tl) t 1·" ·,11'] l \... . .-., '1·····[)t "\1~·11' 1'f'l" ... \)-i U··-i_n Ci I l 1:c··.-·..-.·.·~-r:' \..-.:. ....... ..... .. ••.. --~1 , .l • .:..i .L .... _ ••• ;, h. -· J.'\... ..... t. ,.· .! . .., .. J .._ ·- ... ,":-"'-'·'" •• , 
ruid r;'..:-.bli~::!icd H·.1teria.J.s tc> Eu.int:,J.11 c,:r,i::_Jlct.c! cc·,nt.i.cl.:_·:r1ti~·1li"i.::'{· 
Y0ur C.!s~;;ir;·tu.i,::c .i.11 tl-1is \.'c.1ltiLLl)le rc:.;2i::11.-cl1 v,rill lY2 <Jre:-:)c~y 41p1:::i:·c~iul:.e:..(i. 
'11nnk you, 
9) ()., /J I • • . 
,k. ~-,>";'.j'<- DJ. lV--' jq;.,1_ 
G120:0J::~ 1). 7\11<_,~}icr 
l~!.;C:'lll"Cl1 l,t;~;.\.~; t.2Jlt 
85 
co 
,:-, 
TRADE NA}lE 
Filtrasorb 400 
Nuchar r,r-.T-t'1 
XE-340* 
Hydrodarco 1030 
Columbia LCK* 
Nuchar ~·i"J-G 
Barnebey-Cheney 
Witco 950 
APPENDIX B 
ADSORBENTS SELECTED FOR EVALUATI9N IN BENCH-SCALE EXPERIMENTS 
MANUFACTURER 
Calgon Corporation, Pittsburgh 
Activated Carbon Division 
Westvacio, Chemical Division 
Rohm and Haas Company 
ICI United States Inc. 
Chemical Division 
Na~ional Carbon Co., Union Carbide 
Corporation, Carbon Products Div. 
Westvaco, Chemical Division 
Barnebey-Chsney Corporation 
Witco Chemical Corporation 
ADDRESS 
P.O. Box 1346, 
Pittsburgh, PA; 15230 
Covington, VA, 2'1'126 
Independence Mall West 
Philadelphia, PA, 19105 
Wilmington, Del., 198~7 
27 O Park Ave:1uc 
New York, NY 1C017 
Covington, VA 2442G 
Cassady at Eight 
Columbus, OH 43216 
227 Pcirk Avenue 
New York, NY 10017 
* - Not a mass produced adsorbent. 
